MODULATORS OF THE FUNCTION OF RECEPTORS OF THE 
TNF/NGF RECEPTOR FAMILY AND OTHER PROTEINS 

FIELD OF THE INVENTION 

[0001] The present invention is generally in the field of 
receptors belonging to the TNF/NGF superfamily of receptors 
and the control of their biological functions. The TNF/NGF 
superfamily of receptors includes receptors such as the p55 
and p75 tumor necrosis factor receptors (TNF-Rs, hereinafter 
called p55-R and p75-R) and the FAS ligand receptor (also 
called FAS/APOl or FAS-R and hereinafter will be called FAS-R) 
and others. Specifically, the present invention concerns 
novel proteins which bind to other proteins which themselves 
bind directly or indirectly to members of the TNF/NGF receptor 
family and other intracellular modulatory proteins. 

[0002] More specifically, it relates to one such protein, 
herein designated RAP-2 (for RIP-associated protein-2) , and 
its isoforms, fragments, derivatives, and as well as to 
proteins binding to RAP-2. 

[0003] RAP-2 binds to RIP ("receptor interacting protein" ) 
and is capable of modulating or mediating the function of RIP 
and thereby also capable of modulating or mediating, directly 
or indirectly, the function of other proteins which bind to 



RIP directly or indirectly. RAP-2 binding proteins are 
modulators/mediators of RAP-2 function. 

BACKGROUND OF THE RELATED ART 
[0004] Tumor Necrosis Factor (TNF- a) and Lymphotoxin (TNF- 
£) (hereinafter, TNF, refers to both TNF -a and TNF-S) are 
multifunctional pro -inflammatory cytokines formed mainly by 
mononuclear phagocytes, which have many effects on cells 
(Wallach, D. (1986) In: Interferon 7 (Ion Gresser, ed.), pp. 
83-122, Academic Press, London; and Beutler and Cerami (1987). 
Both TNF -a and TNF-J5 initiate their effects by binding to 
specific cell surface receptors. Some of the effects are 
likely to be beneficial to the organism: they may destroy, for 
example, tumor cells or virus infected cells and augment 
antibacterial activities of granulocytes. In this way, TNF 
contributes to the defense of the organism against tumors and 
infectious agents and contributes to the recovery from injury. 
Thus, TNF can be used as an ant i- tumor agent in which 
application it binds to its receptors on the surface of tumor 
cells and thereby initiates the events leading to the death of 
the tumor cells. TNF can also be used as an anti-infectious 
agent . 

[0005] However, both TNF -a and TNF-S also have deleterious 
effects. There is evidence that overproduction of TNF-a can 
play a major pathogenic role in several diseases. For 



example, effects of TNF-a, primarily on the vasculature, are 
known to be a major cause for symptoms of septic shock (Tracey 
et al, 1986). In some diseases, TNF may cause excessive loss 
of weight (cachexia) by suppressing activities of adipocytes 
and by causing anorexia, and TNF -a was thus called cachet in. 
It was also described as a mediator of the damage to tissues 
in rheumatic diseases (Beutler and Cerami, 1987) and as a 
major mediator of the damage observed in graft -versus -host 
reactions (Piquet et al, 1987) . In addition, TNF is known to 
be involved in the process of inflammation and in many other 
diseases . 

[0006] Two distinct, independently expressed, receptors, 
the p55 and p75 TNF-Rs, which bind both TNF -a and TNF -6 
specifically, initiate and/or mediate the above noted 
biological effects of TNF. These two receptors have 
structurally dissimilar intracellular domains suggesting that 
they signal differently (See Hohmann et al , 1989; Engelmann et 
al, 1990; Brockhaus et al , 1990; Leotscher et al , 1990; Schall 
et al, 1990; Nophar et al , 1990; Smith et al , 1990; and Heller 
et al, 1990). However, the cellular mechanisms, for example, 
the various proteins and possibly other factors, which are 
involved in the intracellular signaling of the p55 and p75 
TNF-Rs have yet to be elucidated. It is this intracellular 
signaling, which occurs usually after the binding of the 



ligand, i.e., TNF (a or £) , to the receptor, that is 
responsible for the commencement of the cascade of reactions 
that ultimately result in the observed response of the cell to 
TNF. 

[0007] As regards the above-mentioned cytocidal effect of 
TNF, in most cells studied so far, this effect is triggered 
mainly by the p55 TNF-R. Antibodies against the extracellular 
domain (ligand binding domain) of the p55 TNF-R can themselves 
trigger the cytocidal effect (see EP 412486) which correlates 
with the effectivity of receptor cross-linking by the 
antibodies, believed to be the first step in the generation of 
the intracellular signaling process. Further, mutational 
studies (Brakebusch et al, 1992; Tartaglia et al , 1993) have 
shown that the biological function of the p55 TNF-R depends on 
the integrity of its intracellular domain. Accordingly it has 
been suggested that the initiation of intracellular signaling 
leading to the cytocidal effect of TNF occurs as a consequence 
of the association of two or more intracellular domains of the 
p55 TNF-R. Moreover, TNF (a and S) occurs as a homotrimer, 
and as such, has been suggested to induce intracellular 
signaling via the p55 TNF-R by way of its ability to bind to 
and to cross-link the receptor molecules, i.e., cause receptor 
aggregation . 



[0008] Another member of the TNF/NGF superfamily of 
receptors is the FAS receptor (FAS-R) which has also been 
called the FAS antigen, a cell -surface protein expressed in 
various tissues and sharing homology with a number of cell- 
surface receptors including TNF-R and NGF - R . The FAS-R 
mediates cell death in the form of apoptosis (Itoh et al, 
1991) , and appears to serve as a negative selector of 
autoreactive T cells, i.e., during maturation of T cells, FAS- 
R mediates the apoptopic death of T cells recognizing self- 
antigens. It has also been found that mutations in the FAS-R 
gene (lpr) cause a lymphoprolif eration disorder in mice that 
resembles the human autoimmune disease systemic lupus 
erythematosus (SLE) (Watanabe-Fukunaga et al, 1992) . The 
ligand for the FAS-R appears to be a cell-surface associated 
molecule carried by, amongst others, killer T cells (or 
cytotoxic T lymphocytes - CTLs) , and hence when such CTLs 
contact cells carrying FAS-R, they are capable of inducing 
apoptopic cell death of the FAS-R- carrying cells. Further, 
monoclonal antibodies have been prepared that are specific for 
FAS-R, these monoclonal antibodies being capable of inducing 
apoptopic cell death in cells carrying FAS-R, including mouse 
cells transformed by cDNA encoding human FAS-R (Itoh et al , 
1991) . 



[00 0 9] A number of approaches have been made by the 
applicants (see for example, European Application Nos . EP 
186833, EP 308378, EP 398327 and EP 412486) to regulate the 
deleterious effects of TNF by inhibiting the binding of TNF to 
its receptors using ant i -TNF antibodies or by using soluble 
TNF receptors to compete with the binding of TNF to the cell 
surface-bound TNF-Rs. Further, on the basis that TNF-binding 
to its receptors is required for the TNF- induced cellular 
effects, approaches by applicants (see for example EP 568925) 
have been made to modulate the TNF effect by modulating the 
activity of the TNF-Rs. 

[0010] Briefly, EP 568925 relates to a method of modulating 
signal transduction and/or cleavage in TNF-Rs whereby peptides 
or other molecules may interact either with the receptor 
itself or with effector proteins interacting with the 
receptor, thus modulating the normal function of the TNF-Rs. 
In EP 568925, there is described the construction and 
characterization of various mutant p55 TNF-Rs, having 
mutations in the extracellular, transmembrane, and 
intracellular domains of the p55 TNF - R . In this way, regions 
within the above domains of the p55 TNF-R were identified as 
being essential to the functioning of the receptor, i.e., the 
binding of the ligand (TNF) and the subsequent signal 
transduction and intracellular signaling which ultimately 



results in the observed TNF-effect on the cells. Further, 
there is also described a number of approaches to isolate and 
identify proteins, peptides or other factors which are capable 
of binding to the various regions in the above domains of the 
TNF-R, which proteins, peptides and other factors may be 
involved in regulating or modulating the activity of the TNF- 
R. A number of approaches for isolating and cloning the DNA 
sequences encoding such proteins and peptides; for 
constructing expression vectors for the production of these 
proteins and peptides; and for the preparation of antibodies 
or fragments thereof which interact with the TNF-R or with the 
above proteins and peptides that bind various regions of the 
TNF-R, are also set forth in EP 568925. However, EP 568925 
does not specify the actual proteins and peptides which bind 
to the intracellular domains of the TNF-Rs (e.g., p55 TNF-R), 
nor does it describe the yeast two-hybrid approach to isolate 
and identify such proteins or peptides which bind to the 
intracellular domains of TNF-Rs. Similarly, in EP 568925 
there is no disclosure of proteins or peptides capable of 
binding the intracellular domain of FAS-R. 

[0011] While it is known that the tumor necrosis factor 
(TNF) receptors, and the structurally-related receptor FAS-R, 
trigger in cells, upon stimulation by leukocyte-produced 
ligands, destructive activities that lead to their own demise, 



the mechanisms of this triggering are still little understood. 
Mutational studies indicate that in FAS-R and the p55 TNF 
receptor (p55-R) signaling for cytotoxicity involve distinct 
regions within their intracellular domains (Brakebusch et al , 
1992; Tartaglia et al , 1993; Itoh and Nagata, 1993). These 
regions (the 'death domains') have sequence similarity. The 
'death domains' of both FAS-R and p55-R tend to self- 
associate. Their self -association apparently promotes that 
receptor aggregation which is necessary for initiation of 
signaling (see Song et al , 1994; Wallach et al , 1994; Boldin 
et al, 1995) , and at high levels of receptor expression can 
result in triggering of ligand- independent signaling (Boldin 
et al, 1995) . 

[0012] Like other receptor-induced effects, cell death 
induction by the TNF receptors and FAS-R occurs via a series 
of protein-protein interactions, leading from ligand-receptor 
binding to the eventual activation of enzymatic effector 
functions, which in the case studies have elucidated non- 
enzymatic protein-protein interactions that initiate signaling 
for cell death: binding of trimeric TNF or the FAS-R ligand 
molecules to the receptors, the resulting interactions of 
their intracellular domains (Brakebusch et al , 1992; Tartaglia 
et al, 1993; Itoh and Nagata, 1993) augmented by a propensity 
of the death-domain motifs to self -associate (Boldin et al , 



1995a) , and induced binding of two cytoplasmic proteins (which 
can also bind to each other) to the receptors 7 intracellular 
domains - MORT-1 (or FADD) to FAS-R (Boldin et al , 1995b; 
Chinnaiyan et al , 1995; Kischkel et al , 1995) and TRADD to 
p55-R (Hsu et al , 1995; Hsu et al, 1996) . Three proteins that 
bind to the intracellular domain of FAS-R and p55-R at the 
'death domain' region involved in cell -death induction by the 
receptors through hetero-association of homologous regions and 
that independently are also capable of triggering cell death 
were identified by the yeast two-hybrid screening procedure. 
One of these is the protein, MORT-1 (Boldin et al , 1995) , also 
known as FADD (Chinnaiyan et al, 1995) that binds specifically 
to FAS-R. The second one, TRADD (see also Hsu et al, 1995, 
1996) , binds to p55-R, and the third, RIP (see also Stanger et 
al, 1995) , binds to both FAS-R and p55-R. Besides their 
binding to FAS-R and p55-R, these proteins are also capable of 
binding to each other, which provides for a functional "cross- 
talk" between FAS-R and p55-R. These bindings occur through a 
conserved sequence motif, the 'death domain module' common to 
the receptors and their associated proteins. Furthermore, 
although in the yeast two-hybrid test MORT-1 was shown to bind 
spontaneously to FAS-R, in mammalian cells, this binding takes 
place only after stimulation of the receptor, suggesting that 
MORT-1 participates in the initiating events of FAS-R 



signaling. MORT-1 does not contain any sequence motif 
characteristic of enzymatic activity, and therefore, its 
ability to trigger cell death does not seem to involve an 
intrinsic activity of MORT-1 itself, but rather, activation of 
some other protein (s) that bind MORT-1 and act further 
downstream in the signaling cascade. Cellular expression of 
MORT-1 mutants lacking the N- terminal part of the molecule has 
been shown to block cytotoxicity induction by FAS/APOl (FAS-R) 
or p55-R (Hsu et al , 1996; Chinnaiyan et al , 1996), indicating 
that this N-terminal region transmits the signaling for the 
cytocidal effect of both receptors through protein-protein 
interactions . 

[0013] Thus, the 'death domain' motifs of the receptors 
p55-R and FAS-R as well as their three associated proteins 
MORT-1, RIP and TRADD appear to be the sites of protein- 
protein interactions. The three proteins MORT-1, RIP and 
TRADD interact with the p55-R and FAS-R intracellular domains 
by the binding of their death domains to those of the 
receptors, and for both RIP and TRADD their death domains also 
self -associate, (although MORT-1 differs in this respect in 
that its death domain does not self -associate) . Further, 
MORT-1 and TRADD bind differentially to FAS-R and p55-R and 
also bind to each other. Moreover, both MORT-1 and TRADD bind 
effectively to RIP. Accordingly, it would seem that the 



interaction between the three proteins MORT-1, RIP and TRADD 
is an important part of the overall modulation of the 
intracellular signaling mediated by these proteins. 
Interference of the interaction between these three 
intracellular proteins will result in modulation of the 
effects caused by this interaction. For example, inhibition 
of TRADD binding to MORT-1 may modulate the FAS-R-p55 TNF-R 
interaction. Likewise, inhibition of RIP in addition to the 
above inhibition of TRADD binding to MORT-1 may further 
modulate FAS-R-p55 TNF-R interaction. 

[0014] Monoclonal antibodies raised against the 'death 
domain' of p55-R, specifically against the binding site of 
sites of TRADD and RIP can also be used to inhibit or prevent 
binding of these proteins and thus cause modulation of the 
interaction between FAS-R and p55-R. 

[0015] It has also recently been found that besides the 
above noted cell cytotoxicity activities and modulation 
thereof mediated by the various receptors and their binding 
proteins including FAS-R, p55-R, MORT-1, TRADD, RIP, MACH, 
Mch4, and Gl, a number of these receptors and their binding 
proteins are also involved in the modulation of the activity 
of the nuclear transcription factor NF-kB, which is a key 
mediator of cell survival or viability, being responsible for 
the control of expression of many immune- and inflammatory- 



response genes. For example, it has been found that TNF-a can 
actually stimulate activation of NF-kB and thus TNF-a is 
capable of inducing two kinds of signal in cells, one 
eliciting cell death and another that protects cells against 
death induction by inducing gene expression via NF-kB (see Beg 
and Baltimore, 1996; Wang et al , 1996; Van Antwerp et al, 
1996) . A similar dual effect for FAS-R has also been reported 
(see reference to this effect as stated in above Van Antwerp 
et al, 1996) . It would therefore appear that there exists a 
delicate balance between cell death and cell survival upon 
stimulation of various types of cells with TNF-a and/or the 
FAS-R ligand, the ultimate outcome of the stimulation 
depending on which intracellular pathway is stimulated to a 
greater extent, the one leading to cell death (usually by 
apoptosis) , or the one leading to cell survival via activation 
of NF-kB. 

[0016] In addition, the present inventors have also 
recently further elucidated the possibly pathway by which 
members of the TNF/NGF receptor family activate NF-kB (see 
Malinin et al, 1997 and the various relevant references set 
forth therein; and co-owned, co-pending Israel Patent 
Application Nos. IL 117800 and IL 119133) . Briefly, it arises 
that several members of the TNF/NGF receptor family are 
capable of activating NF-kB through a common adaptor protein, 



TRAF2 . A newly elucidated protein kinase called NIK (see 
above Malinin et al, 1997 and IL 117800 and IL 119133) is 
capable of binding to TRAF2 and of stimulating NF-kB activity. 
In fact, it was shown (see aforesaid Malinin et al and IL 
applications) that expression in cells of kinase-def icient NIK 
mutants results in the cells being incapable of having 
stimulation of NF-kB in a normal endogenous manner and also in 
the cell having a block in induction of NF-kB activity by TNF, 
via either FAS-R, and a block in NF-kB induction by TRADD, RIP 
and MORT-1 (which are adaptor proteins that bind these p55-R 
and/or FAS-R receptors) . All of the receptors p55-R, p75-R, 
FAS-R and their adaptor proteins MORT-1, TRADD and RIP bind 
directly or indirectly to TRAF2 , which by its binding ability 
to NIK apparently modulates the induction of NF-kB. 

[0017] Of the above modulator proteins involved in the fine 
balance between cell death and survival following stimulation 
of FAS-R and/or p55-R, the protein RIP appears to have an 
important role. RIP (see Stanger et al, 1995 and also Malinin 
et al, 1997) has a 'death domain' in its C-terminal region 
which enables it to induce cell cytotoxicity in an independent 
way and also by association with the death domains of MORT-1, 
p55-R, FAS-R and TRADD. RIP also has a protein kinase domain 
at its N-terminal region and an intermediate domain which is 
believed to enable its intersection (binding) with TRAF2 and 



thereby its involvement in NF-kB induction. Accordingly, 
details concerning the characteristics and sequences (DNA and 
amino acid) of RIP are set forth in the above noted 
publications (in particular, Stanger et al , 1995) which are 
incorporated herein in their entirety by reference. 

[0018] TNF is also one of the cytokines involved in 
initiation and modulation of the host anti-viral defense. 
Similarly, viruses have evolved to express genes whose 
proteins regulate activity of the cytokines, and these 
cytokine-regulatory viral proteins are thought to promote 
persistence of the virus within the animal host . One of the 
best-studied examples of such a protein is E3-14.7K from the 
group C human adenoviruses (Ad) of types 2 and 5 which acts as 
a strong antagonist of TNF-mediated cytolysis. 

[0019] With the aim of isolating molecular components of 
the TNF signaling cascade that become targets for E3-14.7K 
upon viral infection, a human E3-14.7K binding protein was 
recently isolated by two hybrid screening (FIP-2 for Fourteen- 
K Interacting Protein, Li. Y. et al , 1998) . FIP-2 was found 
to be non-toxic on its own, and to reverse the protective 
effect of E3-14.7K on cytotoxicity, induced by over-expression 
of TNFR-I or RIP, without binding to either of the two above- 
mentioned proteins. FIP-2 was found to have some homology to 
RAP-2, the protein of the present invention. The degree of 



overall similarity between RAP-2 and FIP-2 nevertheless is 
fairly low, as can be seen from the global alignment of the 
two amino acid sequences (Figure 3) . The homology however 
becomes more significant in specific regions towards the C- 
terminus of the proteins, culminating in virtual identity of 
the 30 C- terminal amino acids. It is noteworthy that, besides 
the abovementioned C-terminal domain, the putative Leucine 
Zipper motif in FIP-2 is largely preserved in RAP-2 (except 
for an lie to Ala substitution) . 

[0020] A similar sequence named HYPL - encoding a protein 
related to Huntington's disease that appears to be a distant 
homolog of RAP-2 was recently submitted in GenBank under the 
title "huntingtin interacting protein, HYPL" (accession number 
AF049614) . However, a publication describing the function of 
the protein not yet been published. 

[0021] A recent publication by Yamaoka S. et al, 1998, 
reports the identification of a murine RAP-2 homolog. The 
murine homolog NEMO (for NF-kB Essential Modulator) was 
identified in a search for the key molecules that regulate the 
activation of NF-kB signaling. A flat cellular variant of 
HTLV-I Tax- transformed rat fibroblasts was characterized, 
denominated 5R, which was unresponsive to all tested NF-kB- 
activating stimuli (LPS, PMA, IL-I, TNF) , and performed its 
genetic complementation. As a result of this procedure, a 



cDNA encoding the NEMO 4 8kD protein was recovered. Based on 
this data, this protein is said to be absent from 5R cells, is 
part of the high molecular weight Ik B-kinase complex, and is 
requested for its formation. In vitro, NEMO can homo-dimerize 
and directly interacts with IKK(3. 

[0022] Israel patent specification No. 120485 discloses a 
RIP-associated protein, termed RAP, which specifically binds 
to RIP and inhibits NF-kB induction. 

[0023] Israel patent specification No. 123758 and this 
application relate to another RIP-associated protein termed 
RAP-2, which has the same or similar activities. 

[0024] RAP-2 according to the invention is also called 303 
or RAP-303 or RAT-303. For consistency's sake, it will be 
called RAP-2 herein. 

SUMMARY OF THE INVENTION 
[0025] It is an object of the invention to provide a novel 
protein RAP-2, including all isoforms, analogs, fragments or 
derivatives thereof, capable of binding to the RIP protein 
(herein after X RIP'). As RIP is capable of interacting 
directly or indirectly with the intracellular mediators of 
inflammation, cell cytotoxicity/cell death, such as p55-R and 
FAS-R and their associated adaptor or modulator proteins such 
as, for example, MORT-1, TRADD, MACH, Mch4 , Gl and others, the 
novel proteins of the present invention by binding to RIP are 



therefore capable of affecting the intracellular signaling 
process initiated by the binding of the FAS ligand to its 
receptor, and TNF to its receptor (p55-R) , and as such the new 
proteins of the present invention are modulators of the p55-R 
and FAS-R-mediated effect on cells. RIP is also capable of 
interacting with TRAF2 and thereby is capable of interacting 
directly or indirectly with NIK and as such RIP acts as a 
modulator of inflammation and of cell survival pathways 
involving NF-kB induction, thus the new proteins of the 
present invention are modulators of RIP-related inflammation 
and cell survival activity. Likewise, by way of the FAS-R, 
p55-R and their modulator proteins MORT-1 and TRADD being 
capable of inducing NF-kB and cell survival either directly or 
indirectly by binding to RIP or by binding to TRAF2 , to which 
RIP binds, the proteins of the present invention may also be 
mediators of cell survival processes by way of operating via 
common or related intracellular signaling pathways in which 
the various above proteins operate to induce cell survival 
Similarly, as p75-R binds to TRAF2 to which RIP binds, the 
novel proteins of the invention may also be modulators of RIP- 
related mediation of p75-R mediated activity. 

[0026] Another object of the invention is to provide 
antagonists (e.g., antibodies, peptides, organic compounds, or 
even some isoforms) to the above novel RAP-2 proteins, 



isoforms, analogs, fragments and derivatives thereof, which 
may be used to inhibit the signaling process, or, more 
specifically, the inflammation cell -cytotoxicity , or cell- 
survival processes, when desired. 

[0027] A further object of the invention is to use the 
above novel RAP-2 proteins, isoforms, analogs, fragments and 
derivatives thereof, to isolate and characterize additional 
proteins or factors, which may be involved in regulation of 
receptor activity, e.g., other proteins which may bind to RAP- 
2 proteins and influence their activity, and/or to isolate and 
identify other receptors further upstream or downstream in the 
signaling process (es) to which these novel proteins, analogs, 
fragments and derivatives bind, and hence, in whose function 
they are also involved. 

[0028] The invention this also provides RAP-2 binding 
proteins which are capable of modulating/mediating RAP-2 
function. 

[0029] A still further object of the invention is to 
provide inhibitors which can be introduced into cells to bind 
or interact with RAP-2 and possible RAP-2 isoforms which 
inhibitors may act to inhibit RIP-associated activity in cell 
cytotoxic processes and hence, when desired, to enhance cell 
survival, or which may act to inhibit RIP-associated activity 



in cell -survival processes and hence, when desired, to enhance 
cell cytotoxicity. 

[0030] Moreover, it is an object of the present invention 
to use the above-mentioned novel RAP-2 proteins, isoforms and 
analogs, fragments and derivatives thereof as antigens for the 
preparation of polyclonal and/or monoclonal antibodies 
thereto. The antibodies, in turn, may be used, for example, 
for the purification of the new proteins from different 
sources, such as cell extracts or transformed cell lines. 

[0031] Furthermore, these antibodies may be used for 
diagnostic purposes, e.g., for identifying disorders related 
to abnormal functioning of cellular effects mediated by the 
p55-R, FAS-R or other related receptors. 

[0032] A further object of the invention is to provide 
pharmaceutical compositions comprising the above novel RAP-2 
proteins, isoforms, or analogs, fragments or derivatives 
thereof, as well as pharmaceutical compositions comprising the 
above noted antibodies or other antagonists. 

[0033] In accordance with the present invention, a novel 
protein RAP-2 has been isolated. RAP-2 is capable of binding 
to, or interacting with, RIP, and hence is a modulator or 
mediator of RIP intracellular activity. RIP is involved in 
the modulation or mediation of intracellular signaling 
pathways, e.g., the cell cytotoxicity or cell death associated 



pathway in which RIP has cytotoxic activity by itself and in 
association, directly or indirectly, with a number of other 
cell-death associated proteins, such as, for example, MORT-1, 
TRADD, MACH, Mch4 , Gl , p55-R and FAS-R, with which RIP can 
associate or bind to in a direct or indirect fashion via the 
'death domain' motif /module present in RIP and in all the 
aforesaid proteins; another pathway being the inflammation, 
cell survival or viability pathway in which RIP may have an 
activation role, directly or indirectly by virtue of the 
presence of a kinase motif or domain present in RIP and RIP's 
ability to be capable of binding to TRAF2 which can bind NIK 
which, in turn, is directly involved in activation of NF-kB 
which plays a central role in inflammation and cell survival 
Further, p55-R is also capable of interaction with TRADD and 
TRAF2 (via TRADD) and is also implicated in NF-kB activation 
and thereby in the cell survival pathway, and hence RIP by 
being capable of binding to or interacting with, FAS-R, TRADD 
and p55-R (via TRADD) as well as with TRAF2 may also be 
implicated in the modulation of inflammation, cell survival 
activation by these proteins. Accordingly, RIP is a modulator 
or mediator of these pathways, and likewise, the new RAP-2 of 
the present invention by binding to RIP is a modulator or 
mediator of these intracellular pathways. 



[0034] RAP-2 has been isolated and cloned using the yeast 
two-hybrid system, sequenced and characterized, and as is 
detailed herein below, RAP-2 appears to be a highly specific 
RIP-binding protein and hence a specific RIP 
modulator/mediator. RAP-2 does not bind to TRADD, MORT-1, 
p55-R, p75-R and MACH . Further, it appears that RAP-2 does 
not have a characteristic death domain module or motif, this 
being consistent with the finding that RAP-2 does not induce 
cell cytotoxicity on its own. 

[0035] As will be used herein throughout, RIP activity is 
meant to include its activity in modulation/mediation in the 
inflammation and cell death/survival pathways. These 
activities are indicated hereinabove and hereinbelow as well 
as in all the above-mentioned publications and patent 
applications, the full contents of which are incorporated 
herein by reference. Likewise, as used herein throughout RAP- 
2 activity is meant to include its modulation/mediation of RIP 
activity by virtue of its specific binding to RIP, this 
modulation/mediation of RIP by RAP-2 including 

modulation/mediation of the inflammation, cell death and cell 
survival pathways in which RIP is involved directly or 
indirectly, and as such RAP-2 may be considered as an indirect 
modulator/mediator of all the above mentioned proteins and 
possibly a number of others which are involved in 



inflammation, cell death or cell survival and to which RIP 
binds, or with which RIP interacts in a direct or indirect 
fashion. 

[0036] This invention also discloses two novel RAP-2 
binding proteins, identified by two-hybrid screening using the 
full length RAP-2 protein sequence as bait. 

[0037] Applying the full-length RAP-2 protein as bait in 
two-hybrid screen a novel RAP-2 -interacting protein denoted 
hereabove or hereafter clone #10 (or clone #10-encoded protein 
or RAT-binding protein #10 or RBP-10) . The sequence of the 
cDNA obtained was further extended by common sequencing 
methods known in the art towards the 5' end, to reconstitute a 
partial open reading frame of the protein which however lacks 
a start codon. 

[0038] Two-hybrid assay of the binding repertoire of clone 
#10 revealed that this protein, not only binds RAP-2, but 
exhibits also a rather strong affinity to TRAF2 . Clone #10 
however does not bind to RIP, TRADD, MORT1, MACH, TNFR-I, 
TIP60 and NIK as well as to several control proteins (for 
example lamin and cyclinD) . It cannot however be excluded 
that binding of clone#10 to NIK might be found in mammalian 
cells, considering the peculiarities of NIK's behaviour in 
yeast. Clone #10 was shown to bind RAP-2 within the C- 
terminal 200 a. a. of the latter, i.e., a region not 



necessarily associated with the binding of RIP, TIP60, NIK and 
IKK(3. This sequence, however inaccurate, enabled us to carry 
out several rounds of GenBank searches aiming at 
identification of homologues of clone #10. The only protein 
that exhibited a substantial degree of similarity to the 
protein encoded by Clone #10 was F40F12.5 - a hypotetical 
molecule from C. Elegans, to which no physiological role is 
assigned. 

[0039] Interestingly, F40F12.5 was found to display some 
similarity to several members of the widely conserved family 
of ubiquitin-directed proteases. These enzymes counterbalance 
the destructive effect of the ubiquitination machinery, which 
is known to be in charge of the majority of protein 
degradation events in a cell. While ubiquitin ligases are 
responsible for attaching the poly-ubiquitin tree to a protein 
predestined for degradation, ubiquitin proteases prevents an 
effective branching of the growing tree. Such presumption 
regarding the function of F40F12.5 based on the similarity to 
the abovementioned ubiquitin-directed proteases however is 
questionable, as it has not yet been examined whether this 
particular protein possesses any enzymatic activity toward 
ubiquitin polymers. Furthermore a couple of points make such 
a coincidence quite unlikely: 



a) Residues which are believed to constitute the 
core catalytic region in either subclasses of ubiquitin 
proteases are not conserved neither in F40F12.5, nor in Clone 
#10; 

b) Except from their catalytic sites, enzymes of the 
ubiquitin-directed protease family derived from various 
species (from bacteria to human) display virtually no sequence 
similarity while F40F12.5 and clone #10 display a certain 
degree of homology. 

[0040] It thus appears that RAP-2 is a specific RIP-binding 
protein and hence a modulator/mediator of RIP intracellular 
activity. The RAP-2 binding proteins, by their ability to 
bind RAP-2, have indirect influence on RIP and are this also 
modulators/mediators of RIP intracellular activity. 

[0041] Thus, as RAP-2 apparently has a role in 
modulating/mediating inflammation, cell survival and/or cell 
death activities in which RIP is involved directly or 
indirectly especially those related to cytotoxicity and 
inflammation caused or induced by various stimuli including 
those transmitted via receptors of the TNF/NGF receptor family 
and possibly others as well. (For a scheme of RIP's 
involvement in these intracellular events and hence RAP-2 ' s 
involvement, see Fig. 1 in Malinin et al , 1997) . 



[0042] RAP-2 may also serve as an inhibitor of cell 
cytotoxicity and inflammation by virtue of its being present 
as part of a complex of other proteins, e.g., RIP and proteins 
bound to RIP, and as such may affect the cytotoxicity or 
inflammatory effects of these other proteins (e.g., p55-R, 
FAS-R, MACH, Mch4 , Gl and MORT-1), ultimately resulting in an 
inhibition of their cytotoxic activity or their activity in 
inflammation . 

[0043] RAP-2 may yet also serve as an enhancer or augmentor 
of cell cytotoxicity and inflammation and this by augmenting 
the activity of other proteins, e.g., RIP and other proteins 
bound to RIP as noted above aiding in the recruitment of these 
proteins by RIP, the recruitment serving to augment the 
cytotoxic activity of the various proteins or to augment their 
inflammatory effects. 

[0044] Likewise, in an analogous fashion RAP-2 may also 
serve as an inhibitor or an augmentor of the cell -survival 
pathway as noted above by virtue of RIP's involvement in this 
pathway. 

[0045] Accordingly, the present invention provides a DNA 
sequence encoding a RIP-associated protein (RAP-2) , isoforms, 
analogs or fragments thereof, capable of binding to RIP and 
modulating or mediating the intracellular activity of RIP, 



said intracellular activity being a modulation/mediation of 
inflammation and/or cell death and/or cell survival. 

[0046] In particular, the present invention provides a DNA 
sequence selected from the group consisting of: 

[0047] (a) a cDNA sequence derived from the coding region 
of a native RAP-2 protein; 

[0048] (b) DNA sequences capable of hybridization to a 
sequence of (a) under moderately stringent conditions and 
which encode a biologically active RAP-2 protein; and 

[0049] (c) DNA sequences which are degenerate as a result 
of the genetic code to the DNA sequences defined in (a) and 
(b) and which encode a biologically active RAP-2 protein. 

[0050] Another specific embodiment of the above DNA 
sequence of the invention is a DNA sequence comprising at 
least part of the sequence encoding at least one isoform of 
the RAP-2 protein. Another embodiment of the above DNA 
sequence is the sequence encoding the RAP-2 protein as 
depicted in Fig. 1. Yet another embodiment is the DNA 
sequence shown in Fig . 2 . 

[0051] The present invention provides RAP-2 proteins, and 
analogs, fragments or derivatives thereof encoded by any of 
the above sequences of the invention, said proteins, analogs, 
fragments and derivatives being capable of binding to RIP and 



modulating/mediating its biological activity in cell death 
and/or cell survival pathways intracellularly . 

[0052] A specific embodiment of the invention is the RAP-2 
protein, analogs, fragments and derivatives thereof. The RAP- 
2 protein sequence as deduced from the DNA sequences of Fig. 1 
and 2 is shown in Fig. 3. Another embodiment is any isoform 
of the RAP-2 protein, analogs, fragments and derivatives 
thereof . 

[0053] Also provided by the present invention are 
replicable expression vehicles comprising the above DNA, these 
replicable expression vehicles being capable of being 
expressed in suitable eukaryotic or prokaryotic host cells; 
transformed eukaryotic or prokaryotic host cells containing 
such replicable expression vehicles; and a method for 
producing the RAP-2 protein, or analogs, fragments or 
derivatives of the invention by growing such transformed host 
cells under conditions suitable for the expression of said 
protein, analogs, fragments or derivatives, effecting post- 
translational modifications of said protein as necessary for 
obtaining said protein and extracting said expressed protein, 
analogs, fragments or derivatives from the culture medium of 
said transformed cells or from cell extracts of said 
transformed cells. The above definitions are intended to 
include all isoforms of the RAP-2 protein. 



[0054] In another aspect, the present invention also 
provides antibodies or active derivatives or fragments thereof 
specific for the RAP-2 protein, and analogs, fragments and 
derivatives thereof, of the invention. 

[0055] By yet another aspect of the invention, there are 
provided various uses of the above DNA sequences or the 
proteins which they encode, according to the invention, which 
uses include amongst others: 

[0056] (i) A method for the modulation of the intracellular 
inflammation, cell death and/or cell survival pathways 
modulated or mediated by the protein RIP, comprising treating 
said cells with one or more RAP-2 proteins, isoforms, analogs, 
fragments or derivatives thereof, capable of binding to RIP 
wherein said treating of said cells comprises introducing into 
said cells said one or more proteins, isoforms, analogs, 
fragments or derivatives thereof in a form suitable for 
intracellular introduction thereof, or introducing into said 
cells a DNA sequence encoding said one or more proteins, 
isoforms, analogs, fragments or derivatives in the form of a 
suitable vector carrying said sequence, said vector being 
capable of effecting the insertion of said sequence into said 
cells in a way that said sequence is expressed in said cells. 

[0057] (ii) A method for the modulation of the 
inflammation, cell death and/or cell survival pathways 



mediated by ligands of the TNF family by effect on cells via 
the action of the RIP protein, according to (i) above, wherein 
said treating of cells comprises introducing into said cells 
said RAP-2 protein, or isoforms, analogs, fragments or 
derivatives thereof, in a form suitable for intracellular 
introduction, or introducing into said cells a DNA sequence 
encoding said Gl protein, or isoforms, analogs, fragments or 
derivatives in the form of a suitable vector carrying said 
sequence, said vector being capable of effecting the insertion 
of said sequence into said cells in a way that said sequence 
is expressed in said cells. 

[0058] (iii) A method as in (ii) above wherein said 
treating of said cells is by transfection of said cells with a 
recombinant animal virus vector comprising the steps of: 

[0059] (a) constructing a recombinant animal virus vector 
carrying a sequence encoding a viral surface protein (ligand) 
that is capable of binding to a specific cell surface receptor 
on the surface of a FAS-R- or p55-R-carrying cell and a 
second sequence encoding a protein selected from RAP-2 
protein, and isoforms, analogs, fragments and derivatives 
thereof, that when expressed in said cells is capable of 
modulating/mediating the intracellular inflammation, cell 
death and/or cell survival pathways; and 

[0060] (b) infecting said cells with said vector of (a) . 



[0061] (iv) A method for modulating the inflammation, cell 
death and/or cell survival pathways mediated by the ligands of 
the TNF family effect on cells via the action of the RIP 
protein comprising treating said cells with antibodies or 
active fragments or derivatives thereof, according to the 
invention, said treating being by application of a suitable 
composition containing said antibodies, active fragments or 
derivatives thereof to said cells, wherein when at least part 
of the RAP-2 protein is exposed on the extracellular surface, 
said composition is formulated for extracellular application, 
and when said RAP-2 proteins are entirely intracellular, said 
composition is formulated for intracellular application. 

[0062] (v) A method for modulating the inflammation, cell 
death and/or cell survival pathways mediated by the ligands of 
the TNF family effect on cells via the action of the RIP 
protein comprising treating said cells with an oligonucleotide 
sequence encoding an antisense sequence of at least part of 
the RAP-2 protein sequence of the invention, said 
oligonucleotide sequence being capable of blocking the 
expression of the RAP-2 protein. 

[0063] (vi) A method as in (ii) above for treating tumor 
cells or HIV-infected cells or other diseased cells, 
comprising : 



[0064] (a) constructing a recombinant animal virus vector 
carrying a sequence encoding a viral surface protein capable 
of binding to a specific tumor cell surface receptor or HIV- 
infected cell surface receptor or receptor carried by other 
diseased cells and a sequence encoding a protein selected from 
RAP-2 protein, analogs, fragments and derivatives of the 
invention, that when expressed in said tumor, HIV-infected, or 
other diseased cell is capable of killing said cell via the 
action of the RIP protein; and 

[0065] (b) infecting said tumor or HIV-infected cells or 
other diseased cells with said vector of (a) . 

[0066] (vii) A method for modulating the cell death and/or 
cell survival pathways mediated by ligands of the TNF family 
effect on cells via the action of the RIP protein comprising 
applying the ribozyme procedure in which a vector encoding a 
ribozyme sequence capable of interacting with a cellular mRNA 
sequence encoding a RAP-2 protein according to the invention, 
is introduced into said cells in a form that permits 
expression of said ribozyme sequence in said cells, and 
wherein when said ribozyme sequence is expressed in said cells 
it interacts with said cellular mRNA sequence and cleaves said 
mRNA sequence resulting in the inhibition of expression of 
said RAP-2 protein in said cells. 



[0067] (viii) A method selected from the above methods 
according to the invention, wherein said RAP-2 protein 
encoding sequence comprises at least one of the RAP-2 
isoforms, analogs, fragments and derivatives of any thereof 
according to the invention which are capable of binding to 
RIP. 

[0068] (ix) A method for isolating and identifying 
proteins, according to the invention capable of binding to the 
RIP protein, comprising applying the yeast two-hybrid 
procedure in which a sequence encoding said RIP protein or is 
carried by one hybrid vector and sequence from a cDNA or 
genomic DNA library is carried by the second hybrid vector, 
the vectors then being used to transform yeast host cells and 
the positive transformed cells being isolated, followed by 
extraction of the said second hybrid vector to obtain a 
sequence encoding a protein which binds to said RIP protein. 

[0069] (x) A method according to any of the (i) - (x) above 
wherein said RAP-2 protein is any one of the isoforms of RAP- 
2, analogs, fragments and derivatives of any thereof. 

[0070] (xi) A method according to any of the above (i) - (x) 
wherein the RAP-2 protein or any of its isoforms, analogs, 
fragments or derivatives is involved in the modulation of the 
cellular effect mediated or modulated by any other mediator or 



inducer to which said RAP-2 protein, isoform, analog, fragment 
or derivative is capable of binding directly or indirectly. 

[0071] The present invention also provides a pharmaceutical 
composition for the modulation of inflammation, the cell death 
and/or cell survival pathways mediated by the TNF family 
effect on cells via the action of the RIP protein or the 
effect of any other mediator or inducer on cells as noted 
above, comprising, as active ingredient any one of the 
following : 

[0072] (i) a RAP-2 protein according to the invention,, and 
biologically active fragments, analogs, derivatives of 
mixtures thereof; 

[0073] (ii) a recombinant animal virus vector encoding a 
protein capable of binding a cell surface receptor and 
encoding a RAP-2 protein or biologically active fragments or 
analogs, according to the invention; 

[0074] (iii) an oligonucleotide sequence encoding an anti- 
sense sequence of the RAP-2 protein sequence according to the 
invention, wherein said oligonucleotide may be the second 
sequence of the recombinant animal virus vector of (ii) above. 

[0075] The present invention also provides: 

[0076] I. A method for the modulation of the inflammation, 
intracellular cell death and/or cell survival pathways 
modulated/mediated by the RIP protein, or the effect of any 



other mediator or inducer, or any other NF-kB inducer or 
inhibitor, on cells comprising treating said cells in 
accordance with a method of any one of (i) - (x) above, with 
RAP-2 proteins, isoforms, analogs, fragments or derivatives 
thereof or with sequences encoding RAP-2 proteins, isoforms, 
analogs or fragments thereof, said treatment resulting in the 
enhancement or inhibition of said RIP-mediated effect, and 
thereby also of the FAS-R or p55-R-mediated effect, or of said 
other mediator or inducer, or other NF-kB inducer or 
inhibitor . 

[0077] II. A method as above wherein said RAP-2 protein, 
analog, fragment or derivative thereof is that part of the 
RAP-2 protein which is specifically involved in binding to 
RIP, or said other mediator or inducer, or other NF-kB inducer 
or inhibitor, or said RAP-2 protein sequence encodes that part 
of RAP-2 protein which is specifically involved in binding to 
RIP, or said other mediator or inducer, or other NF-kB inducer 
or inhibitor. 

[0078] III. A method as above wherein said RAP-2 protein 
is any one of the RAP-2 isoforms, said isoforms capable of 
enhancing the RIP-associated effect. 

[0079] IV. A method as above wherein said RAP-2 protein is 
any one of the RAP-2 isoforms, said isoforms capable of 
inhibiting the RIP-associated effect, or other mediator or 



inducer associated effect on cells and thereby also of 
inhibiting the FAS-R- or p55 -R-associated effect on cells, or 
the other cytotoxic mediator or inducer effect on cells. 

[0080] V. A method as above wherein said RAP-2 protein, 
isoform, analog, fragment or derivative capable of enhancing 
or inhibiting the RIP-associated effect on the inflammation 
and cell survival pathway by way of direct or indirect 
inhibition of NF-kB or direct or indirect activation of JNK or 
p3 8 kinase. 

[0081] Isolation of the RAP-2 proteins, their 
identification and characterization may be carried out by any 
of the standard screening techniques used for isolating and 
identifying proteins, for example, the yeast two-hybrid 
method, affinity chromatography methods, and any of the other 
well-known standard procedures used for this purpose. 

[0082] In yet another aspect of the invention, the RAP-2 
protein itself, or an isoform, fragment or derivative thereof, 
is used as bait in a yeast two-hybrid screen for proteins 
binding thereto. 

[0083] Proteins which bind to RAP-2, isoforms, fragments or 
derivatives thereof, are also part of the present invention. 

[0084] Other aspects and embodiments of the present 
invention are also provided as arising from the following 
detailed description of the invention. 



[0085] It should be noted that, where used throughout, the 
following terms: "Modulation/Mediation of the RIP, or FAS- 
ligand, or TNF effect on cells" ; and any other such 
"Modulation/Mediation" mentioned in the specification are 
understood to encompass in vitro as well as in vivo treatment 
and, in addition, also to encompass inhibition or 
enhancement /augmentation. 

BRIEF DESCRIPTION OF THE FIGURES 
[0086] Figure 1 (A, B) (SEQ ID NO:l) shows the nucleotide 
sequence of RAP-2, the start and stop codons being underlined. 
The arrow indicates the start of the 1.5 Kb clone obtained by 
two hybrid screening; 

[0087] Figure 2 (A, B) (SEQ ID NO: 2) shows the nucleotide 
sequence of clone #41072 (see Example 1) , the start and stop 
codons being underlined; 

[0088] Figure 3 A (/I, /2) shows the deduced amino acid 
sequences of the human (20.4 full and Human shrt) and murine 
(NEMO full and Mouse part) splice variants of RAP-2 and B (/l, 
/2) shows the published sequence of FIP-2 aligned using the 
software package available at the BCM Search Launcher (Baylor 
College of Medicine, Houston, TX) . Homologous amino acids are 
boxed, identical amino acids are gray- shaded. Asterisks in 
(B) denote a putative leucine-zipper (LZ) -like motif in FIP-2. 



[0089] Figure 4 describes the molecular characterization of 
RAP-2. In A Northern blot hybridization of Human MTN Blot I 
(Clontech) with a DNA fragment of RAP-2. In B RAP-2 binding 
to RIP is analyzed as detailed in Example 3. In C NIK-RAP-2 
interaction was detected as in (B) , except that anti-FLAG 
antibodies were used for Western blotting followed by 
immunoprecipitation with anti-His6. An arrow marks the 
position of the immunoprecipitated proteins. 

[0090] Figure 5 is a graphic representation of the massive 
downregulation of NF-kB and c-Jun activation by various 
stimuli, by ectopic expression of RAP-2 as described in 
Example 4. HEK-293T cells were transiently transfected with 
the reporter plasmid (HIVLTR-Luc or CMV-Luc for NF-kB(A) and 
GAL4 - Luc for c-Jun (B) activation assays) , and with an 
expression vector for the indicated inducer and either the 
empty vehicle (pcDNA3 - marked alone in the figure) or a 
plasmid encoding the full-length RAP-2 (pcRAP-2 - marked plus 
in the figure) . Activation of the reporter gene luciferase 
activity is expressed in Relative Luciferase Units (R.L.U.). 

[0091] Figure 6 shows that RAP-2 exhibits similar 
repressive behavior toward NF-kB and c-Jun in a wide 
concentration range. TRAF2 was transiently expressed in HEK- 
293T cells along with the various indicated amounts of either 
pcRAP-2 (sense) or pcRAP-2-a/s (antisense) constructs. For 



assessment of NF-kB (A) and c-Jun (B) activation pHIVLTR-Luc 
and pGAL4-Luc reporter plasmids were included respectively. 
Luciferase assay was performed as described for Figure 5 in 
Example 4 . 

[0092] Figure 7 shows that RAP-2 strongly potentiates 
signal -induced phosphorylation of c-Jun without interfering 
with JNK1/2 activation level. 

[0093] (A) Total cellular lysates of HEK-293T cells, 
transfected with the indicated expression constructs together 
with either pcDNA3 -carrier denoted in the figure by a minus 
sign (-) or with pcRAP-2 denoted in the figure by a plus sign 
( + ) , were identified by Western blot analysis with anti 
phospho-Jun antibodies as described in Example 5. The control 
membrane shown on the lower panel was re -probed with anti- 
total -c-Jun Abs (NEB) ; 

[0094] (B) Activated JNKl/2 from HEK-293T cells transfected 
with either pcDNA3 or pcRAP-2, treated with hrTNFoc for 
increasing periods of time were detected by Western blotting 
of total lysates with Abs to phospho-JNK as detailed in 
Example 5 . 

[0095] (C) HEK-293T cells, co- transfected with empty 
vector, pcRAP-2 and pcRIP in various combinations together 
with HA- JNK1 -expressing plasmid. JNK1 was then 
immunoprecipitated via its N-terminal HA-tag and its ability 



to phosphorylate bacterially-produced purified GST-Jun was 
determined in an in vitro kinase assay. Reaction products 
were analyzed by SDS-PAGE. GST-Jun is marked by an arrowhead. 

[0096] Figure 8 shows that RAP-2 does not compete with NF- 
kB and AP-1 for binding to DNA. HEK-2 93T were transfected 
with the indicated proteins either alone (-) or together with 
pcRAP-2 (+) . Nuclear extracts prepared from the cells were 
co-incubated with the 32P-labeled oligonucleotides comprising 
classical recognition sequences for AP-1 (A) or NF-kB (B) . 
Reaction products were analyzed by non-denaturing PAGE. 

[0097] Figure 9 shows that RAP-2 affects the basal level of 
NF-kB in HEK-293T and HeLa cells transiently transfected with 
variable amount of either RAP-2 (sense) or RAP-2 -antisense 
(a/s) . All manipulations were performed as described for 
Figure 6 in Example 4 . 

[0098] Figure 10 (A, B) (SEQ ID NO: 3) shows the partial 
nucleotide sequence of clone #10. 

[0099] Figure 11 shows the functional properties of serial 
deletions of RAP-2. In A, there is a schematic representation 
of the consecutive C-terminal deletions of RAP-2 . All 
truncations share the intact RAP-2 N- terminus, while their C- 
terminal ends are designated by arrowheads. The RIP, NIK, 
IKK(3 and TIP60 binding region is underlined. Three hatched 
boxes correspond to the putative leucine-zipper-like motifs. 



B shows the effect of overexpression of the deletion 
constructs described in A on NF-kB activation in HEK-293T 
cells by RelA, TRAF2 TNF and NIK using the HIV-LTR luciferase 
reporter plasmid for NF-kB. Activation of the reporter gene 
luciferase activity is expressed in Relative Luciferase Units 
(R.L..U. ) . 

[0100] Figure 12: shows, mapping of RAP-2 functional and 
binding regions . 

[0101] (A) Various deletions of RAP-2 were tested for their 
ability to bind the indicated proteins within transfected 
yeast (odd columns) and mammalian HEK-293T cells (even 
columns) . The two rightmost columns show the ability of the 
same deletions transfected at high amounts as detailed in 
example 9 into HEK-293T cells, to inhibit NF-kB activation and 
potentiate c-Jun hyperphosphorylation (c-Jun) in response to 
TNF -a treatment. Boldness of the crosses is proportional to 
the intensity of a given effect. Asterisks indicate that the 
observed effects of the labeled constructs towards Rel-A 
stimulation are distinct (see Figure 11B) . 

[0102] (B) Summary of the chart representing localization 
of the binding (upper part) and functional (bottom part) 
regions of RAP-2 as inferred from the deletion analysis shown 
in (A), aligned along the protein backbone. The hatched parts 



indicate possible location of borders of the corresponding 
minimal regions . 

[0103] Figure 13: shows that ser-148 in RAP-2 is essential 
for its ability to induce c-Jun hyper phosphorylation at ser- 
63 . 

[0104] A Western blot is shown in which wt means wild type, 
S148A means that the ser at position 148 was replaced with an 
ala, and vector is the empty control vector. 

DETAILED DESCRIPTION OF THE INVENTION 
[0105] The present invention relates, in one aspect, to 
novel RAP-2 proteins which are capable of binding to the RIP 
protein and thereby of mediating or modulating the 
intracellular activity of RIP especially where RIP is involved 
in modulation or mediation of inflammation, the cell death 
and/or cell survival pathways as detailed herein above. Thus 
RAP-2 may inhibit RIP activity in the cell death/inflammation 
survival pathway, RAP-2 may enhance RIP activity in the 
inflammation or cell death survival pathway, or it may enhance 
RIP activity in one of these pathways while inhibiting it in 
the other. 

[0106] More particularly, in accordance with the present 
invention, a new protein RAP-2 is provided. RAP-2 has been 
sequenced and characterized and it was found that RAP-2 is a 
RIP-binding protein having high specificity for RIP, but does 



not show binding towards a number of proteins known to be 
involved in the intracellular signaling pathways which lead to 
inflammation, cell death or to cell survival RAP-2 also 
apparently has none of the domains common to proteins which 
are active in either of these pathways, i.e., RAP-2 does not 
have a 'death domain' motif or module, it does not have a 
kinase motif or domain and it does not have a protease domain 
or motif. The RAP-2 sequence determined is also a unique 
sequence as arises from a comparison with sequences in a 
number of databases including the Genebank, Human Genome level 
1 and x dbest' databases. As detailed above (also with 
reference to all publications and patent applications as 
noted) RIP is involved in the inflammation, cell death and 
cell survival pathways intracellularly . Hence, regulation or 
control of the activity of RIP can regulate either or all of 
these pathways when such pathways are initiated, by for 
example, the binding of TNF or Fas-ligand to their receptors 
(for TNF, the p55-R in particular) . RIP may play a key role 
in determining which pathway is activated to a greater extent 
and this by virtue of its being able to bind a number of 
cytotoxic proteins having death domains and also a number of 
proteins having kinase activity. Accordingly, proteins, such 
as the RAP-2 protein of the present invention, which can bind 
specifically to RIP may play an important role in modulating 



RIP activity and thereby modulating the extent of induction of 
the one pathway in comparison to the others. Thus, the RAP-2 
protein of the present invention represents an important 
intracellular signal modulator or mediator. 

[0107] In addition to the RAP-2 full-length protein of the 
present invention a shorter cDNA was cloned that was found to 
be composed of sequence "blocks" derived from several remote 
regions of the "full" cDNA, apparently resulting from 
alternative splicing of the same gene. The murine counterpart 
of the human RAP-2 was identified in a similar search of the 
mouse ESTs collection. The partial murine cDNA was found to 
be virtually identical to its human counterpart throughout the 
coding region. 

[0108] The physiological relevance of the RIP-RAP-2 
interaction was further confirmed in transfected HEK-293T and 
HeLa cells. However, formation of such a complex did not 
result in RIP enzymatic activity, as evidenced by over- 
expressed RIP not phosphorylating RAP-2. Transfection 
experiments in mammalian HEK-293T cells also resulted in 
stable formation of a RAP-2 -NIK complex. 

[0109] RAP-2 appears to be a crucial element of the NF-kB 
and c-Jun signal transduction pathways, as it binds NIK, IKK(S 
and TIP60 (a histone acetyltransf erase) and modulates NF-kB 
and c-Jun dependent transcription. In fact, enhanced ectopic 



expression of RAP-2 leads to inhibition of the NF-kB response, 
while its depletion from the cell, by means of an antisense 
construct, results in enhanced NF-kB and c-Jun 
transactivation. 

[0110] RAP-2 was also found to potentiate c-Jun 
hyperphosphorylation, which was not mediated by JNK activity. 
RAP-2 did not inhibit c-Jun and RelA binding to DNA. The 
binding and functional domains of RAP-2 were identified by 
sequential deletion analyses. These studies have indicated 
that the binding region for RIP, NIK and TIP60 overlaps and is 
found within amino acids 95-264 of RAP-2. The downstream 
functional effects mediated by RAP-2 however were found to 
localize to the N-terminal domain of the protein, encompassing 
amino acids 1-264. 

[0111] In view of the above RAP-2 appears to be a crucial 
element of the signal-attenuation circuit of the stress- 
response network: ectopic expression of the sense -encoding 
construct inhibits response, while expression of antisense- 
encoding construct enhances the response. In fact, RAP-2 is 
also known in the inventor's lab as RAT (RIP's Attenuator), 
and may therefore be herein also denoted as RAT and/or RAT- 3 03 
and/or clone 303. 

[0112] The existence of multiple splice variants indicates 
that, at least in part, the net effect of RAP-2 under given 



conditions is likely to depend on the presence of certain 
sequence blocks, which are necessary for the protein binding/ 
targeting/ translocation/ modification, in a prevalent 
isoform. For instance, if, indeed, binding of RAP-2 to TIP60 
allows nuclear localization of the former, it could be 
hypothesized that variants of RAP-2 with spliced-out nuclear 
localization signals (NLS) might become defective, or, 
conversely, overly active in NF-kB/AP-1 repression. Sequence 
analysis does show that RAP-2 harbors several clusters of 
positively charged amino acids (E, K, and R) characteristic of 
most of the known NLSs. 

[0113] RAP-2 binding to RIP has been mapped to a region of 
the RAP-2 protein that begins between amino acids 177-218 and 
ends at amino acid 264. The RIP binding domain within RAP-2 
did not overlap neither the IKK|3 nor the NIK binding sites. 

[0114] Binding to TIP60, a member of a family of nuclear 
proteins called histone acetyltransf erases , apparently maps 
within the region spanning amino acids 95-264. The region 
involved in homo-dimerization was found to localize in between 
amino acids 217-264. 

[0115] The data accumulated suggest that all the functional 
effects of RAP-2 (namely NF-kB inhibition and induction of c- 
Jun hyper-phosphorylation) map to the same region. 



[0116] The protein encoded by clone #10, apparently binds 
within a region beginning between amino acids 218-309 and 
ending at amino acid 416 and thus, its binding site may 
comprise overlapping regions with the binding sites for RIP, 
NIK, IKKp and TIP60. 

[0117] Furthermore, it is possible that the region 
sufficient for effective modulation of signaling by all 
inducers localizes to the N- terminal segment of the protein. 

[0118] The region encompassed by amino acids 95-416 does 
have an effect although it is significantly weaker, as 
compared to the one caused by the full-length protein and, 
thus, may result from enforced aggregation of the endogenous 
RAP-2 . 

[0119] Moreover, with the exception of RelA, all effects 
induced in our experiments can be mediated by as few as 
approximately 100 N-terminal amino acids of RAP-2. In fact 
even the fragment encompassing amino acids 1-102 mediates a 
distinct effect, albeit fairly moderate. 

[0120] On the other hand, suppression of RelA-mediated 
effect requires a much longer portion of RAP-2. So far we 
could define the boundaries of this region within amino acids 
1-2 64 which apparently endows the region between amino acids 
157 and 264 with some specific, RelA-associated, binding 
properties . 



[0121] In view of the above observations, it appears that: 

[0122] a. With the exception of RelA, RAP-2 binding to 
RIP, clone#10 and, most likely, to NIK and TIP60 are not 
required for the function of the protein, as inhibitor of 
over -express ion induced NF-kB. 

[0123] b. The effect of RAP-2 on RelA over-expression- 
induced activation is obviously mediated, at least partly by 
different binding events. Essentially, all of the above- 
mentioned proteins may be found to contribute to the given 
activity, as deduced from the experiments carried out to date. 

[0124] Due to the unique ability of FAS-R and the TNF 
receptors to cause cell death, as well as the ability of the 
TNF receptors to trigger various other tissue -damaging 
activities, aberration of the function of these receptors can 
be particularly deleterious to the organism. Indeed, both 
excessive and deficient function of these receptors have been 
shown to contribute to the pathological manifestations of 
various diseases. Identifying molecules that take part in the 
signaling activity of these receptors, and finding ways to 
modulate the function of these molecules, constitutes a 
potential clue for new therapeutical approaches to these 
diseases. In view of the suspected important role of RIP in 
FAS-R and p55-R toxicity, and hence the suspected important 
regulatory role of RAP-2 in FAS-R and TNF via modulation of 



RIP, it seems particularly important to design drugs that can 
block the cytotoxic function of RIP, possibly by way of 
blocking the binding of RAP-2 to RIP or otherwise inhibiting 
the interaction between RAP-2 and RIP under those conditions 
in which RAP-2 serves to enhance RIP-mediated cytotoxicity (as 
noted above RIP is cytotoxic on its own and in conjunction 
with other proteins that have death domain regions) . 

[0125] Likewise, it is also known (see above) that FAS-R 
and p55-R are involved in the activation of NF-kB and thereby 
of cell survival Accordingly, when it is desired to kill 
cells, for example cancer cells, HIV-infected cells and the 
like, it would be desirable to enhance the cytotoxic effects 
of FAS-R and p55-R (and their associated proteins such as, for 
example, MORT-1, MACH, Mch4 , Gl , TRADD) , while at the same 
time to inhibit their ability to induce NF-kB. Hence, when 
the RAP-2 interaction or binding to RIP results in an 
augmentation of RIP's possible role in enhancing NF-kB 
induction (possibly via TRAF2 and possibly via the kinase 
domain and/or intermediate domain of RIP) , then it would be 
desirable to block this interaction between RAP-2 and RIP to 
inhibit, or at least to prevent augmentation, of NF-kB 
activation and thereby shift the balance of TNF- or FAS- 
ligand- induced effects to the side of cell cytotoxicity to 
ultimately provide for increased cell death. 



[0126] Similarly, in the opposite situation (to that noted 
above) where RAP-2' s binding to RIP actually causes inhibition 
of FAS-R and p55-R inflammatory or cytotoxic effects and it is 
desired to block these cytotoxic effects, e.g., in 
inflammation, various autoimmune diseases and the like where 
increased cell survival is sought, then it is important to 
design drugs which would enhance the interaction between RAP-2 
and RIP to enhance the overall inhibition of cell death and 
shift the balance towards cell survival It also follows in 
light of the above that in the event that RAP-2' s interaction 
with RIP causes an inhibition in RIP's function in augmenting 
NF-kB activation, then when cell survival is desired, it is 
necessary to block this interaction between RAP-2 and RIP 
thereby enhancing RIP's activity in augmenting NF-kB 
activation. 

[0127] In view of all of the aforementioned, it arises that 
RIP has a key role in the balance between induction or 
mediation of inflammation, cell death or cell survival 
pathways and hence RAP-2 has an equally important role by 
being a modulator of RIP. Influencing the RAP-2 -RIP 
interaction/binding using various drugs or treatments as noted 
above and below will possibly allow for a shift in the 
intracellular signaling pathways from cell death to cell 
survival or vice versa as is desired. 



[0128] The present invention also concerns the DNA sequence 
encoding a RAP -2 protein and the RAP- 2 proteins encoded by the 
DNA sequences. 

[0129] Moreover, the present invention further concerns the 
DNA sequences encoding biologically active analogs, fragments 
and derivatives of the RAP-2 protein, and the analogs, 
fragments and derivatives encoded thereby. The preparation of 
such analogs, fragments and derivatives is by standard 
procedure (see for example, Sambrook et al, 1989) in which in 
the DNA sequences encoding the RAP-2 protein, one or more 
codons may be deleted, added or substituted by another, to 
yield analogs having at least one amino acid residue change 
with respect to the native protein. 

[0130] Of the above DNA sequences of the invention which 
encode a RAP-2 protein, isoform, analog, fragment or 
derivative, there is also included, as an embodiment of the 
invention, DNA sequences capable of hybridizing with a cDNA 
sequence derived from the coding region of a native RAP-2 
protein, in which such hybridization is performed under 
moderately stringent conditions, and which hybridizable DNA 
sequences encode a biologically active RAP-2 protein. These 
hybridizable DNA sequences therefore include DNA sequences 
which have a relatively high homology to the native RAP-2 cDNA 
sequence and as such represent RAP-2 -like sequences which may 



be, for example, naturally-derived sequences encoding the 
various RAP-2 isoforms, or naturally-occurring sequences 
encoding proteins belonging to a group of RAP-2-like sequences 
encoding a protein having the activity of RAP-2. Further, 
these sequences may also, for example, include non-naturally 
occurring, synthetically produced sequences, that are similar 
to the native RAP-2 cDNA sequence but incorporate a number of 
desired modifications. Such synthetic sequences therefore 
include all of the possible sequences encoding analogs, 
fragments and derivatives of RAP-2, all of which have the 
activity of RAP-2. 

[0131] To obtain the various above noted naturally 
occurring RAP-2 -like sequences, standard procedures of 
screening and isolation of naturally-derived DNA or RNA 
samples from various tissues may be employed using the natural 
RAP-2 cDNA or portion thereof as probe (see for example 
standard procedures set forth in Sambrook et al, 1989) . 

[0132] Likewise, to prepare the above noted various 
synthetic RAP-2 -like sequences encoding analogs, fragments or 
derivatives of RAP-2, a number of standard procedures may be 
used as are detailed herein below concerning the preparation 
of such analogs, fragments and derivatives. 

[0133] A polypeptide or protein "substantially 
corresponding" to RAP-2 protein includes not only RAP-2 



protein but also polypeptides or proteins that are analogs of 
RAP-2 . 

[0134] Analogs that substantially correspond to RAP-2 
protein are those polypeptides in which one or more amino acid 
of the RAP-2 protein's amino acid sequence has been replaced 
with another amino acid, deleted and/or inserted, provided 
that the resulting protein exhibits substantially the same or 
higher biological activity as the RAP-2 protein to which it 
corresponds . 

[0135] In order to substantially correspond to RAP-2 
protein, the changes in the sequence of RAP-2 proteins, such 
as isoforms are generally relatively minor. Although the 
number of changes may be more than ten, preferably there are 
no more than ten changes, more preferably no more than five, 
and most preferably no more than three such changes. While 
any technique can be used to find potentially biologically 
active proteins which substantially correspond to RAP-2 
proteins, one such technique is the use of conventional 
mutagenesis techniques on the DNA encoding the protein, 
resulting in a few modifications. The proteins expressed by 
such clones can then be screened for their ability to bind to 
RIP and to modulate RIP activity in modulation/mediation of 
the intracellular pathways noted above. 



[0136] "Conservative" changes are those changes which would 
not be expected to change the activity of the protein and are 
usually the first to be screened as these would not be 
expected to substantially change the size, charge or 
configuration of the protein and thus would not be expected to 
change the biological properties thereof. 

[0137] Conservative substitutions of RAP-2 proteins include 
an analog wherein at least one amino acid residue in the 
polypeptide has been conservatively replaced by a different 
amino acid. Such substitutions preferably are made in 
accordance with the following list as presented in Table IA, 
which substitutions may be determined by routine 
experimentation to provide modified structural and functional 
properties of a synthesized polypeptide molecule while 
maintaining the biological activity characteristic of RAP-2 
protein. 



Original 

Residue 

Ala 

Arg 

Asn 

Asp 

Cys 

Gin 

Glu 

Gly 

His 

He 

Leu 

Lys 

Met 

Phe 

Ser 

Thr 

Trp 

Tyr 



Table IA 

Exemplary 
Substitution 
Gly; Ser 
Lys 

Gln;His 

Glu 

Ser 

Asn 

Asp 

Ala; Pro 

Asn; Gin 

Leu; Val 

Ile;Val 

Arg; Gin; Glu 

Leu ; Tyr ; He 

Met ; Leu; Tyr 

Thr 

Ser 

Tyr 

Trp ; Phe 



[0138] Alternatively, another group of substitutions of 
RAP-2 protein are those in which at least one amino acid 
residue in the polypeptide has been removed and a different 
residue inserted in its place according to the following Table 
IB. The types of substitutions which may be made in the 
polypeptide may be based on analysis of the frequencies of 

e 

amino acid changes between a homologous protein of different 
species, such as those presented in Table 1-2 of Schulz et al , 
G.E., Principles of Protein Structure , Springer-Verlag, New 
York, NY (1798), and Figs. 3-9 of Creighton, T.E., Proteins : 
Structure and Molecular Properties , W.H. Freeman & Co . , San 
Francisco, CA (1983). Based on such an analysis, alternative 
conservative substitutions are defined herein as exchanges 
within one of the following five groups: 



TABLE IB 



1. Small aliphatic, nonpolar or slightly polar 
residues: Ala, Ser, Thr (Pro, Gly) ; 



2. Polar negatively charged residues and their 

amides: Asp, Asn, Glu, Gin; 

3. Polar, positively charged residues: 
His, Arg, Lys ; 

4. Large aliphatic nonpolar residues: 

Met, Leu, lie, Val (Cys) ; and 

5. Large aromatic residues: Phe, Tyr, Trp . 

[013 9] The three amino acid residues in parentheses above 
have special roles in protein architecture. Gly is the only 
residue lacking any side chain and thus imparts flexibility to 
the chain. This however tends to promote the formation of 
secondary structure other than a-helical. Pro, because of its 
unusual geometry, tightly constrains the chain and generally 
tends to promote 6- turn- like structures, although in some 
cases Cys can be capable of participating in disulfide bond 
formation which is important in protein folding. Note that 
Schulz et al, supra, would merge Groups 1 and 2, above. Note 
also that Tyr, because of its hydrogen bonding potential, has 
significant kinship with Ser, and Thr, etc. 

[0140] Conservative amino acid substitutions according to 
the present invention, e.g., as presented above, are known in 
the art and would be expected to maintain biological and 
structural properties of the polypeptide after amino acid 



substitution. Most deletions and substitutions according to 
the present invention are those which do not produce radical 
changes in the characteristics of the protein or polypeptide 
molecule. "Characteristics" is defined in a non- inclusive 
manner to define both changes in secondary structure, e.g., a- 
helix or S-sheet, as well as changes in biological activity, 
e.g., binding to RIP and/or mediation of RIP's effect on cell 
death. 

[0141] Examples of production of amino acid substitutions 
in proteins which can be used for obtaining analogs of RAP-2 
proteins for use in the present invention include any known 
method steps, such as presented in U.S. patent RE 33,653; 
4,959,314; 4,588,585 and 4,737,462, to Mark et al ; 5,116,943 
to Koths et al, 4,965,195 to Namen et al; 4,879,111 to Chong 
et al ; and 5,017,691 to Lee et al ; and lysine substituted 
proteins presented in U.S. patent No. 4,904,584 (Shaw et al) . 

[0142] Besides conservative substitutions discussed above 
which would not significantly change the activity of RAP-2 
protein, either conservative substitutions or less 
conservative and more random changes, which lead to an 
increase in biological activity of the analogs of RAP-2 
proteins, are intended to be within the scope of the 
invention. 



[0143] When the exact effect of the substitution or 
deletion is to be confirmed, one skilled in the art will 
appreciate that the effect of the substitution (s) , 
deletion(s), etc., will be evaluated by routine binding and 
cell death assays. Screening using such a standard test does 
not involve undue experimentation. 

[0144] Acceptable RAP-2 analogs are those which retain at 
least the capability of binding to RIP, and thereby, as noted 
above mediate the activity of RIP in the intracellular 
pathways as noted above. In such a way, analogs can be 
produced which have a so-called dominant -negative effect, 
namely, an analog which is defective either in binding to RIP, 
or in subsequent signaling or other activity following such 
binding. Such analogs can be used, for example, to inhibit 
the effect of RIP, or to inhibit the NF-kB inducing (direct or 
indirect) effect of RIP, depending on which of these 
activities is the major one modulated by the interaction of 
RAP-2 and RIP (see above) , and this by such analogs competing 
with the natural RAP-2 for binding to RIP. 

[0145] At the genetic level, these analogs are generally 
prepared by site-directed mutagenesis of nucleotides in the 
DNA encoding the RAP-2 protein, thereby producing DNA encoding 
the analog, and thereafter synthesizing the DNA and expressing 
the polypeptide in recombinant cell culture. The analogs 



typically exhibit the same or increased qualitative biological 
activity as the naturally occurring protein, Ausubel et al , 
Current Protocols in Molecular Biology , Greene Publications 
and Wiley Interscience, New York, NY, (1987-1995) ; Sambrook et 
al, Molecular Cloning: A Laboratory Manual , Cold Spring Harbor 
Laboratory, Cold Spring Harbor, NY (1989) . 

[0146] Preparation of a RAP-2 protein in accordance 
herewith, or an alternative nucleotide sequence encoding the 
same polypeptide but differing from the natural sequence due 
to changes permitted by the known degeneracy of the genetic 
code, can be achieved by site-specific mutagenesis of DNA that 
encodes an earlier prepared analog or a native version of a 
RAP-2 protein. Site-specific mutagenesis allows the 
production of analogs through the use of specific 
oligonucleotide sequences that encode the DNA sequence of the 
desired mutation, as well as a sufficient number of adjacent 
nucleotides, to provide a primer sequence of sufficient size 
and sequence complexity to form a stable duplex on both sides 
of the deletion junction being traversed. Typically, a primer 
of about 20 to 25 nucleotides in length is preferred, with 
about 5 to 10 complementing nucleotides on each side of the 
sequence being altered. In general, the technique of site- 
specific mutagenesis is well known in the art, as exemplified 



! 



by publications such as Adelman et al, DNA 2:183 (1983), the 
disclosure of which is incorporated herein by reference. 

[0147] As will be appreciated, the site-specific 
mutagenesis technique typically employs a phage vector that 
exists in both a single-stranded and double -stranded form. 
Typical vectors useful in site-directed mutagenesis include 
vectors such as the M13 phage, for example, as disclosed by 
Messing et al , Third Cleveland Symposium on Macromolecules and 
Recombinant DNA , Editor A. Walton, Elsevier, Amsterdam (1981) , 
the disclosure of which is incorporated herein by reference. 
These phage are readily available commercially and their use 
is generally well known to those skilled in the art. 
Alternatively, plasmid vectors that contain a single-stranded 
phage origin of replication (Veira et al, Meth. Enzymol . 153:3 
(1987) ) may be employed to obtain single-stranded DNA. 

[0148] In general, site-directed mutagenesis in accordance 
herewith is performed by first obtaining a single-stranded 
vector that includes within its sequence a DNA sequence that 
encodes the relevant polypeptide. An oligonucleotide primer 
bearing the desired mutated sequence is prepared synthetically 
by automated DNA/oligonucleotide synthesis. This primer is 
then annealed with the single-stranded protein-sequence- 
containing vector, and subjected to DNA-polymerizing enzymes 
such as E. coli polymerase I Klenow fragment, to complete the 



synthesis of the mutation-bearing strand. Thus, a mutated 
sequence and the second strand bears the desired mutation. 
This heteroduplex vector is then used to transform appropriate 
cells, such as E. coli JM101 cells, and clones are selected 
that include recombinant vectors bearing the mutated sequence 
arrangement . 

[0149] After such a clone is selected, the mutated RAP-2 
protein sequence may be removed and placed in an appropriate 
vector, generally a transfer or expression vector of the type 
that may be employed for transfection of an appropriate host. 

[0150] Accordingly, gene or nucleic acid encoding for a 
RAP-2 protein can also be detected, obtained and/or modified, 
in vitro, in situ and/or in vivo, by the use of known DNA or 
RNA amplification techniques, such as PCR and chemical 
oligonucleotide synthesis. PCR allows for the amplification 
(increase in number) of specific DNA sequences by repeated DNA 
polymerase reactions. This reaction can be used as a 
replacement for cloning; all that is required is a knowledge 
of the nucleic acid sequence. In order to carry out PCR, 
primers are designed which are complementary to the sequence 
of interest . The primers are then generated by automated DNA 
synthesis. Because primers can be designed to hybridize to 
any part of the gene, conditions can be created such that 
mismatches in complementary base pairing can be tolerated. 



Amplification of these mismatched regions can lead to the 
synthesis of a mutagenized product resulting in the generation 
of a peptide with new properties (i.e., site directed 
mutagenesis). See also, e.g., Ausubel, supra, Ch. 16. Also, 
by coupling complementary DNA (cDNA) synthesis, using reverse 
transcriptase, with PCR, RNA can be used as the starting 
material for the synthesis of the extracellular domain of a 
prolactin receptor without cloning. 

[0151] Furthermore, PCR primers can be designed to 
incorporate new restriction sites or other features such as 
termination codons at the ends of the gene segment to be 
amplified. This placement of restriction sites at the 5 1 and 
3' ends of the amplified gene sequence allows for gene 
segments encoding RAP-2 protein or a fragment thereof to be 
custom designed for ligation other sequences and/or cloning 
sites in vectors. 

[0152] PCR and other methods of amplification of RNA and/or 
DNA are well known in the art and can be used according to the 
present invention without undue experimentation, based on the 
teaching and guidance presented herein. Known methods of DNA 
or RNA amplification include, but are not limited to 
polymerase chain reaction (PCR) and related amplification 
processes (see, e.g., U.S. Patent Nos . 4,683,195, 4,683,202, 
4,800,159, 4,965,188, to Mullis et al ; 4,795,699 and 4,921,794 



to Tabor et al ; 5,142,033 to Innis; 5,122,464 to Wilson et al ; 
5,091,310 to Innis; 5,066,584 to Gyllensten et al ; 4,889,818 
to Gelfand et al; 4,994,370 to Silver et al ; 4,766,067 to 
Biswas; 4,656,134 to Ringold; and Innis et al , eds . , PCR 
Protocols: A Guide to Method and Applications ) and RNA 
mediated amplification which uses anti-sense RNA to the target 
sequence as a template for double stranded DNA synthesis (U.S. 
Patent No. 5,130,238 to Malek et al , with the tradename 
NASBA) ; and immuno-PCR which combines the use of DNA 
amplification with antibody labeling (Ruzicka et al, Science 
260:487 (1993); Sano et al , Science 258:120 (1992); Sano et 
al, Biotechniques 9:1378 (1991)), the entire contents of which 
patents and reference are entirely incorporated herein by 
reference . 

[0153] In an analogous fashion, biologically active 
fragments of RAP-2 proteins (e.g. those of any of the RAP-2 or 
its isoforms) may be prepared as noted above with respect to 
the analogs of RAP-2 proteins. Suitable fragments of RAP-2 
proteins are those which retain the RAP-2 capability and which 
can modulate or mediate the biological activity of RIP or 
other proteins associated with RIP directly or indirectly. 
Accordingly, RAP-2 protein fragmenworts can be prepared which 
have a dominant -negative or a dominant -posit ive effect as 
noted above with respect to the analogs. It should be noted 



that these fragments represent a special class of the analogs 
of the invention, namely, they are defined portions of RAP-2 
proteins derived from the full RAP-2 protein sequence (e.g., 
from that of any one of the RAP-2 or its isoforms) , each such 
portion or fragment having any of the above -noted desired 
activities. Such fragment may be, e.g., a peptide. 

[0154] Similarly, derivatives may be prepared by standard 
modifications of the side groups of one or more amino acid 
residues of the RAP-2 protein, its analogs or fragments, or by 
conjugation of the RAP-2 protein, its analogs or fragments, to 
another molecule, e.g., an antibody, enzyme, receptor, etc., 
as are well known in the art. Accordingly, "derivatives" as 
used herein covers derivatives which may be prepared from the 
functional groups which occur as side chains on the residues 
or the N- or C- terminal groups, by means known in the art, and 
are included in the invention. Derivatives may have chemical 
moieties such as carbohydrate or phosphate residues, provided 
such a fraction has the same or higher biological activity as 
RAP-2 proteins. 

[0155] For example, derivatives may include aliphatic 
esters of the carboxyl groups, amides of the carboxyl groups 
by reaction with ammonia or with primary or secondary amines, 
N-acyl derivatives or free amino groups of the amino acid 
residues formed with acyl moieties (e.g., alkanoyl or 



carbocyclic aroyl groups) or O-acyl derivatives of free 
hydroxyl group (for example that of seryl or threonyl 
residues) formed with acyl moieties. 

[0156] The term "derivatives" is intended to include only 
those derivatives that do not change one amino acid to another 
of the twenty commonly occurring natural amino acids. 

[0157] RAP-2 is a protein or polypeptide, i.e., a sequence 
of amino acid residues. A polypeptide consisting of a larger 
sequence which includes the entire sequence of a RAP-2 
protein, in accordance with the definitions herein, is 
intended to be included within the scope of such a polypeptide 
as long as the additions do not affect the basic and novel 
characteristics of the invention, i.e., if they either retain 
or increase the biological activity of RAP-2 protein or can be 
cleaved to leave a protein or polypeptide having the 
biological activity of RAP-2 protein. Thus, for example, the 
present invention is intended to include fusion proteins of 
RAP-2 protein with other amino acids or peptides. 

[0158] The new RAP-2 protein, their analogs, fragments and 
derivatives thereof, have a number of possible uses, for 
example : 

[0159] (i) RAP-2 protein, its analogs, fragments and 
derivatives thereof, may be used to modulate the function of 
RIP in either of the inflammation, cell death or the cell 



survival pathways as noted above. For example, if RAP- 2 can 
modulate RIP's effect on activation of NF-kB, JNK (Jun kinase) 
or p3 8 kinase, both such RAP-2 effects leading to enhance such 
a RAP-2 -RIP effect when it would be desirable in anti-tumor, 
anti- or pro- inflammatory, anti-HIV applications, etc. In 
this case the RAP-2 protein, its analogs, fragments or 
derivatives thereof, which modulate inflammation, enhance the 
cytotoxic effect, or block the cell survival effect, may be 
introduced to the cells by standard procedures known per se. 
For example, when the RAP-2 protein is entirely intracellular 

(as suspected) and should be introduced only into the cells 
where the FAS-R ligand or TNF or other cytotoxic protein 
effect, mediated by RIP, is desired, a system for specific 
introduction of this protein into the cells is necessary. One 
way of doing this is by creating a recombinant animal virus, 
e.g., one derived from Vaccinia, to the DNA of which the 
following two genes will be introduced: the gene encoding a 
ligand that binds to cell surface proteins specifically 
expressed by the cells, e.g., ones such as the AIDS (HIV) 
virus gpl20 protein which binds specifically to some cells 

(CD4 lymphocytes and related leukemias) , or any other ligand 
that binds specifically to cells carrying a FAS-R or p55-R, 
such that the recombinant virus vector will be capable of 
binding such FAS-R- or p55-R -carrying cells; and the gene 



encoding the RAP-2 protein. Thus, expression of the cell- 
surf ace-binding protein on the surface of the virus will 
target the virus specifically to the tumor cell or other FAS- 
R- or p55-R- carrying cell, following which the RAP-2 protein 
encoding sequence will be introduced into the cells via the 
virus, and once expressed in the cells, will result in 
enhancement of the RIP mediation of the FAS-R ligand or TNF 
effect or independent RIP. Construction of such recombinant 
animal virus is by standard procedures (see for example, 
Sambrook et al , 1989) . Another possibility is to introduce 
the sequences of the RAP-2 protein (e.g., any one of the RAP-2 
or its isoforms) in the form of oligonucleotides which can be 
absorbed by the cells and expressed therein. 

[0160] (ii) They may be used to inhibit the FAS-R ligand or 
TNF or related protein effect, mediated by RIP or independent 
RIP effect, e.g., in cases such as tissue damage in septic 
shock, graf t-vs . -host rejection, or acute hepatitis, in which 
it is desired to block the FAS-R ligand or TNF induced FAS-R 
or p55-R intracellular signaling or independent RIP effect, or 
other protein-mediated signaling and at the same time to 
increase the cell survival pathway. In this situation, it is 
possible, for example, to introduce into the cells, by 
standard procedures, oligonucleotides having the anti-sense 
coding sequence for the RAP-2 protein, which would effectively 



block the translation of mRNAs encoding the RAP-2 protein and 
thereby block its expression and lead to the inhibition of the 
FAS-R ligand-or TNF- or RIP or other protein- effect. Such 
oligonucleotides may be introduced into the cells using the 
above recombinant virus approach, the second sequence carried 
by the virus being the oligonucleotide sequence. 

[0161] Likewise, as noted above, depending on the nature of 
the RAP-2 -RIP interaction, it may be possible by the ways of 
(i) and (ii) above to enhance or inhibit cell inflammation and 
survival pathways where desired. 

[0162] Another possibility is to use antibodies specific 
for the RAP-2 protein to inhibit its intracellular signaling 
activity . 

[0163] Yet another way of inhibiting the RIP-mediated 
effects or RIP independent effect is by the recently developed 
ribozyme approach. Ribozymes are catalytic RNA molecules that 
specifically cleave RNAs . Ribozymes may be engineered to 
cleave target RNAs of choice, e.g., the mRNAs encoding the 
RAP-2 protein of the invention. Such ribozymes would have a 
sequence specific for the RAP-2 protein mRNA and would be 
capable of interacting therewith (complementary binding) 
followed by cleavage of the mRNA, resulting in a decrease (or 
complete loss) in the expression of the RAP-2 protein, the 
level of decreased expression being dependent upon the level 



of ribozyme expression in the target cell. To introduce 
ribozymes into the cells of choice (e.g., those carrying FAS-R 
or p55-R) , any suitable vector may be used, e.g., plasmid, 
animal virus (retrovirus) vectors, that are usually used for 
this purpose (see also (i) above, where the virus has, as 
second sequence, a cDNA encoding the ribozyme sequence of 
choice). (For reviews, methods etc. concerning ribozymes see 
Chen et al , 1992; Zhao and Pick, 1993; Shore et al , 1993; 
Joseph and Burke, 1993; Shimayama et al, 1993; Cantor et al, 
1993; Barinaga, 1993; Crisell et al , 1993 and Koizumi et al, 
1993) . This approach is suitable when the RAP-2 -RIP 
interaction enhances cell cytotoxicity in situations when it 
is desired to block this cytotoxicity, or when the RAP-2 -RIP 
interaction inhibits NF-kB activation in the same situation 
when it is desired to block this inhibition to increase such 
NF-kB activation, i.e., in both cases it is desired to 
increase cell survival as in (ii) above. 

[0164] (iii) The RAP-2 protein, its analogs, fragments or 
derivatives may also be used to isolate, identify and clone 
other proteins of the same class, i.e., those binding to RIP 
or to functionally related receptors or proteins, involved in 
the intracellular signaling process. In this application the 
above noted yeast two-hybrid system may be used, or there may 
be used a recently developed system employing non- stringent 



Southern hybridization followed by PCR cloning (Wilks et al, 
1989) . In the Wilks et al publication, there is described the 
identification and cloning of two putative protein- tyrosine 
kinases by application of non-stringent southern hybridization 
followed by cloning by PCR based on the known sequence of the 
kinase motif, a conceived kinase sequence. This approach may 
be used, in accordance with the present invention using the 
sequence of the RAP-2 protein to identify and clone those of 
related RIP-binding proteins. 

[0165] (iv) Yet another approach to utilizing the RAP-2 
protein, or its analogs, fragments or derivatives thereof, of 
the invention is to use them in methods of affinity 
chromatography to isolate and identify other proteins or 
factors to which they are capable of binding, e.g., other 
proteins or factors involved in the intracellular signaling 
process. In this application, the RAP-2 protein, its analogs, 
fragments or derivatives thereof, of the present invention, 
may be individually attached to affinity chromatography 
matrices and then brought into contact with cell extracts or 
isolated proteins or factors suspected of being involved in 
the intracellular signaling process. Following the affinity 
chromatography procedure, the other proteins or factors which 
bind to the RAP-2 protein, or its analogs, fragments or 



derivatives thereof of the invention, can be eluted, isolated 
and characterized . 

[0166] (v) As noted above, the RAP-2 protein, or its 
analogs, fragments or derivatives thereof, of the invention 
may also be used as immunogens (antigens) to produce specific 
antibodies thereto. These antibodies may also be used for the 
purposes of purification of the RAP-2 protein (e.g., RAP-2 or 
any of its isoforms) either from cell extracts or from 
transformed cell lines producing RAP-2 protein, or its analogs 
or fragments. Further, these antibodies may be used for 
diagnostic purposes for identifying disorders related to 
abnormal functioning of the RIP-mediated FAS-R ligand or TNF 
system, or independent RIP activities, e.g., overactive or 
underactive FAS-R ligand- or TNF- induced cellular effects 
mediated by RIP or RIP's own specific cellular effects. Thus, 
should such disorders be related to a malfunctioning 
intracellular signaling system involving the RIP protein, or 
various other, above noted RIP-binding proteins or RAP-2 
protein itself, such antibodies would serve as an important 
diagnostic tool. 

[0167] It should also be noted that the isolation, 
identification and characterization of the RAP-2 protein of 
the invention may be performed using any of the well known 
standard screening procedures. For example, one of these 



screening procedures, the yeast two-hybrid procedure as is set 
forth herein below, was used to identify the RIP protein (see 
Stanger et al, 1995) and subsequently the various RAP-2 
proteins of the invention (besides various other new proteins 
of the above and below noted co-owned co-pending patent 
applications) . Likewise as noted above and below, other 
procedures may be employed such as affinity chromatography, 
DNA hybridization procedures, etc. as are well known in the 
art, to isolate, identify and characterize the RAP-2 protein 
of the invention or to isolate, identify and characterize 
additional proteins, factors, receptors, etc., which are 
capable of binding to the RAP-2 proteins of the invention. 

[0168] As set forth hereinabove, the RAP-2 protein may be 
used to generate antibodies specific to RAP-2 proteins, e.g., 
RAP-2 and its isoforms. These antibodies or fragments thereof 
may be used as set forth hereinbelow in detail, it being 
understood that in these applications the antibodies or 
fragments thereof are those specific for RAP-2 proteins. 

[0169] Based on the findings in accordance with the present 
invention that RAP-2 binds specifically to RIP and as such is 
a mediator/modulator of RIP and can thus mediate/modulate 
RIP's activity in inflammation, cell death or cell survival 
pathways in ways that RIP functions independently or in 
conjunction with other proteins (e.g., FAS-R, p55-R, MORT-1, 



MACH, Mch4, Gl and TRADD in cell death pathways, or with TRAF2 
in cell survival pathways) it is of importance to design drugs 
which may enhance or inhibit the RAP-2 -RIP interaction, as 
desired and depending on which of these pathways are 
enhanced/inhibited by the RAP-2 -RIP interaction. There are 
many diseases in which such drugs can be of great help. 
Amongst others, acute hepatitis in which the acute damage to 
the liver seems to reflect FAS-R ligand-mediated death of the 
liver cells; autoimmune- induced cell death such as the death 
of the £ Langerhans cells of the pancreas, that results in 
diabetes; the death of cells in graft rejection (e.g., kidney, 
heart and liver) ; the death of oligodendrocytes in the brain 
in multiple sclerosis; and AIDS-inhibited T cell suicide which 
causes proliferation of the AIDS virus and hence the AIDS 
disease . 

[0170] It is possible that RAP-2 or one or more of its 
possible isoforms may serve as "natural" inhibitors of RIP in 
one or more of the above pathways and these may thus be 
employed as the above noted specific inhibitors of RIP. 
Likewise, other substances such as peptides, organic 
compounds, antibodies, etc. may also be screened to obtain 
specific drugs which are capable of inhibiting the RAP-2 -RIP 
interaction . 



[0171] A non-limiting example of how peptide inhibitors of 
the RAP-2 -RIP interaction would be designed and screened is 
based on previous studies on peptide inhibitors of ICE or ICE- 
like proteases, the substrate specificity of ICE and 
strategies for epitope analysis using peptide synthesis. The 
minimum requirement for efficient cleavage of peptide by ICE 
was found to involve four amino acids to the left of the 
cleavage site with a strong preference for aspartic acid in 
the PI position and with methylamine being sufficient to the 
right of the PI position (Sleath et al , 1990; Howard et al, 
1991; Thornberry et al, 1992). Furthermore, the fluorogenic 
substrate peptide (a tetrapeptide) , acetyl -Asp-Glu-Val -Asp-a- 

( 4 -methyl - coumaryl - 7 - amide ) abbreviated Ac -DEVD-AMC , 
corresponds to a sequence in poly (ADP-ribose) polymerase 

(PARP) found to be cleaved in cells shortly after FAS-R 
stimulation, as well as other apoptopic processes (Kaufmann, 
1989; Kaufmann et al , 1993; Lazebnik et al , 1994), and is 
cleaved effectively by CPP32 (a member of the CED3/ICE 
protease family) and MACH proteases (and likewise also 
possibly by Gl proteases - see for example co-owned co-pending 
IL 120367) . 

[0172] As Asp in the PI position of the substrate appears 
to be important, tetrapeptides having Asp as the fourth amino 
acid residue and various combinations of amino acids in the 



first three residue positions can be rapidly screened for 
binding to the active site of the proteases using, for 
example, the method developed by Geysen (Geysen, 1985; Geysen 
et al, 1987) where a large number of peptides on solid 
supports were screened for specific interactions with 
antibodies. The binding of MACH proteases to specific 
peptides can be detected by a variety of well known detection 
methods within the skill of those in the art, such as 
radiolabeling of the Gl proteases, etc. This method of 
Geysen' s was shown to be capable of testing at least 4000 
peptides each working day. 

[0173] In a similar way the exact binding region or region 
of homology which determines the interaction between RAP-2 and 
RIP can be elucidated and then peptides may be screened which 
can serve to block this interaction, e.g., peptides 
synthesized having a sequence similar to that of the binding 
region or complementary thereto which can compete with natural 
RAP-2 for binding to RIP. 

[0174] Drug or peptide inhibitors, which are capable of 
inhibiting inflammation or the cell death activity of RAP-2 by 
inhibiting the RAP-2 -RIP interaction can be conjugated or 
complexed with molecules that facilitate entry into the cell. 

[0175] U.S. Patent 5,149,782 discloses conjugating a 
molecule to be transported across the cell membrane with a 



membrane blending agent such as fusogenic polypeptides, ion- 
channel forming polypeptides, other membrane polypeptides, and 
long chain fatty acids, e.g., myristic acid, palmitic acid. 
These membrane blending agents insert the molecular conjugates 
into the lipid bilayer of cellular membranes and facilitate 
their entry into the cytoplasm. 

[0176] Low et al, U.S. Patent No. 5,108,921, reviews 
available methods for transmembrane delivery of molecules such 
as, but not limited to, proteins and nucleic acids by the 
mechanism of receptor mediated endocytotic activity. These 
receptor systems include those recognizing galactose, mannose, 
mannose 6 -phosphate , transferrin, asialoglycoprotein, 
transcobalamin (vitamin B12) , a-2 macroglobulins , insulin and 
other peptide growth factors such as epidermal growth factor 
(EGF) . Low et al teaches that nutrient receptors, such as 
receptors for biotin and folate, can be advantageously used to 
enhance transport across the cell membrane due to the location 
and multiplicity of biotin and folate receptors on the 
membrane surfaces of most cells and the associated receptor 
mediated transmembrane transport processes. Thus, a complex 
formed between a compound to be delivered into the cytoplasm 
and a ligand, such as biotin or folate, is contacted with a 
cell membrane bearing biotin or folate receptors to initiate 



the receptor mediated trans -membrane transport mechanism and 
thereby permit entry of the desired compound into the cell . 

[0177] In addition, it is known in the art that fusing a 
desired peptide sequence with a leader/signal peptide sequence 
to create a "chimeric peptide' 7 will enable such a "chimeric 
peptide" to be transported across the cell membrane into the 
cytoplasm. 

[0178] As will be appreciated by those of skill in the art 
of peptides, the peptide inhibitors of the RAP-2 -RIP 
interaction according to the present invention is meant ta 
include peptidomimetic drugs or inhibitors, which can also be 
rapidly screened for binding to RAP -2 /RIP protease to design 
perhaps more stable inhibitors. 

[0179] It will also be appreciated that the same means for 
facilitating or enhancing the transport of peptide inhibitors 
across cell membranes as discussed above are also applicable 
to the RAP-2 or its isoforms themselves as well as other 
peptides and proteins which exert their effects 
intracellularly . 

[0180] As regards the antibodies mentioned herein 
throughout, the term "antibody" is meant to include polyclonal 
antibodies, monoclonal antibodies (mAbs) , chimeric antibodies, 
anti-idiotypic (anti-Id) antibodies to antibodies that can be 
labeled in soluble or bound form, as well as fragments thereof 



provided by any known technique, such as, but not limited to 
enzymatic cleavage, peptide synthesis or recombinant 
techniques . 

[0181] Polyclonal antibodies are heterogeneous populations 
of antibody molecules derived from the sera of animals 
immunized with an antigen. A monoclonal antibody contains a 
substantially homogeneous population of antibodies specific to 
antigens, which populations contains substantially similar 
epitope binding sites. MAbs may be obtained by methods known 
to those skilled in the art. See, for example Kohler and 
Milstein, Nature 256:495-497 (1975); U.S. Patent No. 
4,376,110; Ausubel et al , eds . , Harlow and Lane, Antibodies : A 
Laboratory Manual , Cold Spring Harbor Laboratory (1988) ; and 
Colligan et al , eds., Current Protocols in Immunology , Greene 
Publishing Assoc. and Wiley Interscience , N.Y. (1992-1996), 
the contents of which references are incorporated entirely 
herein by reference. Such antibodies may be of any 
immunoglobulin class including IgG, IgM, IgE, IgA, GILD and 
any subclass thereof. A hybridoma producing a mAb of the 
present invention may be cultivated in vitro, in situ or in 
vivo. Production of high titers of mAbs in vivo or in situ 
makes this the presently preferred method of production. 

[0182] Chimeric antibodies are molecules of which different 
portions are derived from different animal species, such as 



those having the variable region derived from a murine mAb and 

0 

a human immunoglobulin constant region. Chimeric antibodies 
are primarily used to reduce immunogenicity in application and 
to increase yields in production, for example, where murine 
mAbs have higher yields from hybridomas but higher 
immunogenicity in humans, such that human/murine chimeric mAbs 
are used. Chimeric antibodies and methods for their 
production are known in the art (Cabilly et al , Proc. Natl. 
Acad. Sci. USA 81:3273-3277 (1984); Morrison et al , Proc . 
Natl. Acad. Sci. USA 81:6851-6855 (1984); Boulianne et al , 
Nature 312:643-646 (1984); Cabilly et al , European Patent 
Application 125023 (published November 14, 1984); Neuberger et 
al, Nature 314:268-270 (1985); Taniguchi et al , European 
Patent Application 171496 (published February 19, 1985) ; 
Morrison et al , European Patent Application 173494 (published 
March 5, 1986) ; Neuberger et al , PCT Application WO 8601533, 
(published March 13, 1986); Kudo et al , European Patent 
Application 184187 (published June 11, 1986) ; Sahagan et al, 
J. Immunol. 137:1066-1074 (1986); Robinson et al, 
International Patent Application No. WO8702671 (published May 
7, 1987); Liu et al , Proc. Natl. Acad. Sci USA 84:3439-3443 
(1987); Sun et al, Proc. Natl. Acad. Sci USA 84:214-218 
(1987); Better et al , Science 240:1041-1043 (1988); and Harlow 



and Lane, Antibodies: A Laboratory Manual , supra. These 
references are entirely incorporated herein by reference. 

[0183] An anti-idiotypic (anti-Id) antibody is an antibody 
which recognizes unique determinants generally associated with 
the antigen-binding site of an antibody. An Id antibody can 
be prepared by immunizing an animal of the same species and 
genetic type (e.g., mouse strain) as the source of the mAb to 
which an anti-Id is being prepared. The immunized animal will 
recognize and respond to the idiotypic determinants of the 
immunizing antibody by producing an antibody to these 
idiotypic determinants (the anti-Id antibody) . See, for 
example, U.S. Patent No. 4,699,880, which is herein entirely 
incorporated by reference. 

[0184] The anti-Id antibody may also be used as an 
"immunogen" to induce an immune response in yet another 
animal, producing a so-called anti-anti-Id antibody. The 
anti-anti-Id may be epitopically identical to the original mAb 
which induced the anti-Id. Thus, by using antibodies to the 
idiotypic determinants of a mAb, it is possible to identify 
other clones expressing antibodies of identical specificity. 

[0185] Accordingly, mAbs generated against the RAP-2 
proteins, analogs, fragments or derivatives thereof, of the 
present invention may be used to induce anti-Id antibodies in 
suitable animals, such as BALB/c mice. Spleen cells from such 



immunized mice are used to produce anti-Id hybridomas 
secreting anti-Id mAbs . Further, the anti-Id mAbs can be 
coupled to a carrier such as keyhole limpet hemocyanin (KLH) 
and used to immunize additional BALB/c mice. Sera from these 
mice will contain anti-anti-Id antibodies that have the 
binding properties of the original mAb specific for an epitope 
of the above RAP -2 protein, or analogs, fragments and 
derivatives thereof . 

[0186] The anti-Id mAbs thus have their own idiotypic 
epitopes, or "idiotopes" structurally similar to the epitope 
being evaluated, such as GRB protein-a. 

[0187] The term "antibody" is also meant to include both 
intact molecules as well as fragments thereof, such as, for 
example, Fab and F(ab')2, which are capable of binding 
antigen. Fab and F(ab') 2 fragments lack the Fc fragment of 
intact antibody, clear more rapidly from the circulation, and 
may have less non-specific tissue binding than an intact 
antibody (Wahl et al , J. Nucl . Med. 24:316-325 (1983)). 

[0188] It will be appreciated that Fab and F(ab') 2 and other 
fragments of the antibodies useful in the present invention 
may be used for the detection and quantitation of the RAP-2 
protein according to the methods disclosed herein for intact 
antibody molecules. Such fragments are typically produced by 



proteolytic cleavage, using enzymes such as papain (to produce 
Fab fragments) or pepsin (to produce F(ab') 2 fragments). 

[0189] An antibody is said to be "capable of binding" a 
molecule if it is capable of specifically reacting with the 
molecule to thereby bind the molecule to the antibody. The 
term "epitope" is meant to refer to that portion of any 
molecule capable of being bound by an antibody which can also 
be recognized by that antibody. Epitopes or "antigenic 
determinants" usually consist of chemically active surface 
groupings of molecules such as amino acids or sugar side 
chains and have specific three dimensional structural 
characteristics as well as specific charge characteristics. 

[0190] An "antigen" is a molecule or a portion of a 
molecule capable of being bound by an antibody which is 
additionally capable of inducing an animal to produce antibody 
capable of binding to an epitope of that antigen. An antigen 
may have one or more than one epitope. The specific reaction 
referred to above is meant to indicate that the antigen will 
react, in a highly selective manner, with its corresponding 
antibody and not with the multitude of other antibodies which 
may be evoked by other antigens. 

[0191] The antibodies, including fragments of antibodies, 
useful in the present invention may be used to quantitatively 
or qualitatively detect the RAP-2 protein in a sample or to 



detect presence of cells which express the RAP-2 protein of 
the present invention. This can be accomplished by 
immunofluorescence techniques employing a f luorescently 
labeled antibody (see below) coupled with light microscopic, 
flow cytometric, or fluorometric detection. 

[0192] The antibodies (or fragments thereof) useful in the 
present invention may be employed histologically, as in 
immunofluorescence or immunoelectron microscopy, for in situ 
detection of the RAP-2 protein of the present invention. In 
situ detection may be accomplished by removing a histological 
specimen from a patient, and providing the labeled antibody of 
the present invention to such a specimen. The antibody (or 
fragment) is preferably provided by applying or by overlaying 
the labeled antibody (or fragment) to a biological sample. 
Through the use of such a procedure, it is possible to 
determine not only the presence of the RAP-2 protein, but also 
its distribution on the examined tissue. Using the present 
invention, those of ordinary skill will readily perceive that 
any of wide variety of histological methods (such as staining 
procedures) can be modified in order to achieve such in situ 
detection. 

[0193] Such assays for the RAP-2 protein of the present 
invention typically comprises incubating a biological sample, 
such as a biological fluid, a tissue extract, freshly 



harvested cells such as lymphocytes or leukocytes, or cells 
which have been incubated in tissue culture, in the presence 
of a detectably labeled antibody capable of identifying the 
RAP-2 protein, and detecting the antibody by any of a number 
of techniques well known in the art. 

[0194] The biological sample may be treated with a solid 
phase support or carrier such as nitrocellulose, or other 
solid support or carrier which is capable of immobilizing 
cells, cell particles or soluble proteins. The support or 
carrier may then be washed with suitable buffers followed by 
treatment with a detectably labeled antibody in accordance 
with the present invention, as noted above. The solid phase 
support or carrier may then be washed with the buffer a second 
time to remove unbound antibody. The amount of bound label on 
said solid support or carrier may then be detected by 
conventional means . 

[0195] By "solid phase support", "solid phase carrier", 
"solid support", "solid carrier", "support" or "carrier" is 
intended any support or carrier capable of binding antigen or 
antibodies. Well-known supports or carriers, include glass, 
polystyrene, polypropylene, polyethylene, dextran, nylon 
amylases, natural and modified celluloses, polyacrylamides , 
gabbros and magnetite. The nature of the carrier can be 
either soluble to some extent or insoluble for the purposes of 



the present invention. The support material may have 
virtually any possible structural configuration so long as the 
coupled molecule is capable of binding to an antigen or 
antibody. Thus, the support or carrier configuration may be 
spherical, as in a bead, cylindrical, as in the inside surface 
of a test tube, or the external surface of a rod. 
Alternatively, the surface may be flat such as a sheet, test 
strip, etc. Preferred supports or carriers include 
polystyrene beads. Those skilled in the art will know may 
other suitable carriers for binding antibody or antigen, or 
will be able to ascertain the same by use of routine 
experimentation. 

[0196] The binding activity of a given lot of antibody, of 
the invention as noted above, may be determined according to 
well known methods. Those skilled in the art will be able to 
determine operative and optimal assay conditions for each 
determination by employing routine experimentation. 

[0197] Other such steps as washing, stirring, shaking, 
filtering and the like may be added to the assays as is 
customary or necessary for the particular situation. 

[0198] One of the ways in which an antibody in accordance 
with the present invention can be detectably labeled is by 
linking the same to an enzyme and used in an enzyme 
immunoassay (EIA) . This enzyme, in turn, when later exposed 



to an appropriate substrate, will react with the substrate in 
such a manner as to produce a chemical moiety which can be 
detected, for example, by spectrophotometric , fluorometric or 
by visual means. Enzymes which can be used to detectably 
label the antibody include, but are not limited to, malate 
dehydrogenase , staphylococcal nuclease , delta- 5 - steroid 
isomeras, yeast alcohol dehydrogenase, alpha-glycerophosphate 
dehydrogenase, triose phosphate isomerase, horseradish 
peroxidase, alkaline phosphatase, asparaginase, glucose 
oxidase, beta-galactosidase , ribonuclease , urease, catalase, 
glucose -6 -phosphate dehydrogenase, glucoamylase and 
acetylcholinesterase . The detection can be accomplished by 
colorimetric methods which employ a chromogenic substrate for 
the enzyme. Detection may also be accomplished by visual 
comparison of the extent of enzymatic reaction of a substrate 
in comparison with similarly prepared standards. 

[0199] Detection may be accomplished using any of a variety 
of other immunoassays. For example, by radioactive labeling 
the antibodies or antibody fragments, it is possible to detect 
R-PTPase through the use of a radioimmunoassay (RIA) . A good 
description of RIA may be found in Laboratory Techniques and 
Biochemistry in Molecular Biology, by Work, T.S. et al , North 
Holland Publishing Company, NY (1978) with particular 
reference to the chapter entitled "An Introduction to 



Radioimmune Assay and Related Techniques" by Chard, T. , 
incorporated by reference herein. The radioactive isotope can 
be detected by such means as the use of a g counter or a 
scintillation counter or by autoradiography. 

[0200] It is also possible to label an antibody in 
accordance with the present invention with a fluorescent 
compound. When the fluorescent ly labeled antibody is exposed 
to light of the proper wavelength, its presence can be then 
detected due to fluorescence. Among the most commonly used 
fluorescent labeling compounds are fluorescein isothiocyanate , 
rhodamine, phycoerythrine , pycocyanin, allophycocyanin, o- 
phthaldehyde and f luorescamine . 

[0201] The antibody can also be detectably labeled using 
fluorescence emitting metals such as 152E, or others of the 
lanthanide series. These metals can be attached to the 
antibody using such metal chelating groups as 
diethylenetriamine pentaacetic acid (ETPA) . 

[0202] The antibody can also be detectably labeled by 
coupling it to a chemiluminescent compound. The presence of 
the chemiluminescent -tagged antibody is then determined by 
detecting the presence of luminescence that arises during the 
course of a chemical reaction. Examples of particularly 
useful chemiluminescent labeling compounds are luminol , 



isoluminol, theromatic acridinium ester, imidazole, acridinium 
salt and oxalate ester. 

[0203] Likewise, a bioluminescent compound may be used to 
label the antibody of the present invention. Bioluminescence 
is a type of chemiluminescence found in biological systems in 
which a catalytic protein increases the efficiency of the 
chemiluminescent reaction. The presence of a bioluminescent 
protein is determined by detecting the presence of 
luminescence. Important bioluminescent compounds for purposes 
of labeling are luciferin, luciferase and aequorin. 

[0204] An antibody molecule of the present invention may be 
adapted for utilization in an immunometric assay, also known 
as a "two-site" or "sandwich" assay. In a typical 
immunometric assay, a quantity of unlabeled antibody (or 
fragment of antibody) is bound to a solid support or carrier 
and a quantity of detectably labeled soluble antibody is added 
to permit detection and/or quantitation of the ternary complex 
formed between solid-phase antibody, antigen, and labeled 
antibody. 

[0205] Typical, and preferred, immunometric assays include 
"forward" assays in which the antibody bound to the solid 
phase is first contacted with the sample being tested to 
extract the antigen from the sample by formation of a binary 
solid phase antibody- antigen complex. After a suitable 



incubation period, the solid support or carrier is washed to 
remove the residue of the fluid sample, including unreacted 
antigen, if any, and then contacted with the solution 
containing an unknown quantity of labeled antibody (which 
functions as a "reporter molecule"). After a second 
incubation period to permit the labeled antibody to complex 
with the antigen bound to the solid support or carrier through 
the unlabeled antibody, the solid support or carrier is washed 
a second time to remove the unreacted labeled antibody. 

[0206] In another type of "sandwich" assay, which may also 
be useful with the antigens of the present invention, the so- 
called "simultaneous" and "reverse" assays are used. A 
simultaneous assay involves a single incubation step as the 
antibody bound to the solid support or carrier and labeled 
antibody are both added to the sample being tested at the same 
time. After the incubation is completed, the solid support or 
carrier is washed to remove the residue of fluid sample and 
uncomplexed labeled antibody. The presence of labeled 
antibody associated with the solid support or carrier is then 
determined as it would be in a conventional "forward" sandwich 
assay. 

[0207] In the "reverse" assay, stepwise addition first of a 
solution of labeled antibody to the fluid sample followed by 
the addition of unlabeled antibody bound to a solid support or 



carrier after a suitable incubation period is utilized. After 
a second incubation, the solid phase is washed in conventional 
fashion to free it of the residue of the sample being tested 
and the solution of unreacted labeled antibody. The 
determination of labeled antibody associated with a solid 
support or carrier is then determined as in the "simultaneous" 
and "forward" assays. 

[0208] The RAP-2 proteins of the invention may be produced 
by any standard recombinant DNA procedure (see for example, 
Sambrook et al, 1989 and Ansabel et al , 1987-1995, supra) in 
which suitable eukaryotic or prokaryotic host cells well known 
in the art are transformed by appropriate eukaryotic or 
prokaryotic vectors containing the sequences encoding for the 
proteins. Accordingly, the present invention also concerns 
such expression vectors and transformed hosts for the 
production of the proteins of the invention. As mentioned 
above, these proteins also include their biologically active 
analogs, fragments and derivatives, and thus the vectors 
encoding them also include vectors encoding analogs and 
fragments of these proteins, and the transformed hosts include 
those producing such analogs and fragments. The derivatives 
of these proteins, produced by the transformed hosts, are the 
derivatives produced by standard modification of the proteins 
or their analogs or fragments. 



[0209] The present invention also relates to pharmaceutical 
compositions comprising recombinant animal virus vectors 
encoding the RAP-2 proteins, which vector also encodes a virus 
surface protein capable of binding specific target cell (e.g., 
cancer cells) surface proteins to direct the insertion of the 
RAP-2 protein sequences into the cells. Further 
pharmaceutical compositions of the invention comprises as the 
active ingredient (a) an oligonucleotide sequence encoding an 
anti-sense sequence of the RAP-2 protein sequence, or (b) 
drugs that block the RAP-2 -RIP interaction. 

[0210] Pharmaceutical compositions according to the present 
invention include a sufficient amount of the active ingredient 
to achieve its intended purpose. In addition, the 
pharmaceutical compositions may contain suitable 

pharmaceutically acceptable carriers comprising excipients and 
auxiliaries which facilitate processing of the active 
compounds into preparations which can be used pharmaceutically 
and which can stabilize such preparations for administration 
to the subject in need thereof as well known to those of skill 
in the art . 

[0211] The RAP-2 protein and its isoforms or isotypes are 
suspected to be expressed in different tissues at markedly 
different levels and apparently also with different patterns 
of isotypes in an analogous fashion to the expression of 



various other proteins involved in the intracellular signaling 
pathways as indicated in the above listed co-owned co-pending 
patent applications. These differences may possibly 
contribute to the tissue-specific features of response to the 
Fas/APOl -ligand and TNF . As in the case of other CED3/ICE 
homologs (Wang et al , 1994; Alnemri et al, 1995), the present 
inventors have previously shown (in the above mentioned patent 
applications) that MACH isoforms that contain incomplete 
CED3/ICE regions (e.g., MACHct3 ) are found to have an 
inhibitory effect on the activity of co-expressed MACHal or 
MACHoc2 molecules; they are also found to block death induction 
by Fas/APOl and p55-R. Expression of such inhibitory isoforms 
in cells may constitute a mechanism of cellular self- 
protection against Fas/APOl- and TNF-mediated cytotoxicity. A 
similar inhibitory effect of at least some Gl isoforms is also 
suspected (Gl being a recently isolated new Mch4 - and possibly 
MACH- binding protein, and also MORT-1 -binding protein that 
has MORT MODULES and a protease domain - see co-owned co- 
pending IL 120367) . The wide heterogeneity of MACH isoforms, 
and likewise the suspected, analogous heterogeneity of Gl 
isoforms, which greatly exceeds that observed for any of the 
other proteases of the CED3/ICE family, should allow a 
particularly fine tuning of the function of the active MACH 
isoforms, and by analogy also the active Gl isoforms. Hence, 



as noted above, the RAP-2 proteins or possible isoforms may- 
have varying effects in different tissues as regards their 
interaction with RIP and their influence thereby on the 
balance between activation of cell death or cell survival 
pathways, as described above. 

[0212] It is also possible that some of the possible RAP-2 
isoforms serve other functions. For example, RAP-2 or some 
RAP-2 isoforms may also act as docking sites for molecules 
that are involved in other, non-cytotoxic effects of Fas/APOl 
and TNF receptors via interaction with RIP or even 
independently of RIP. 

[0213] Due to the unique ability of Fas/APOl and TNF 
receptors to cause inflammation, cell death, as well as the 
ability of the TNF receptors to trigger other tissue -damaging 
activities, aberrations in the function of these receptors 
could be particularly deleterious to the organism. Indeed, 
both excessive and deficient functioning of these receptors 
have been shown to contribute to pathological manifestations 
of various diseases (Vassalli, 1992; Nagata and Golstein, 
1995) . Identifying the molecules that participate in the 
signaling activity of the receptors, and finding ways to 
modulate the activity of these molecules, could direct new 
therapeutic approaches. Other aspects of the invention will 
be apparent from the following examples. 



[0214] The invention will now be described in more detail 
in the following non- limiting examples and the accompanying 
drawings . 

[-0215] It should also be noted that the procedures of: 
[0216] (i) two-hybrid screen and two-hybrid S-galactosidase 
expression test; (ii) induced expression, metabolic labeling 
and immunoprecipitat ion of proteins; (iii) in vitro binding; 
(iv) assessment of the cytotoxicity; and (v) Northern and 
sequence analyses, (see also Boldin et al, 1995b) 2, 3 (see 
also Boldin et al, 1996) and 4, below, with respect to MORT-1 
and a MORT-1 binding protein, (e.g., MACH) , as well as the 
newly isolated protein Gl (see IL 120367) are equally 
applicable (with some modifications) for the corresponding 
isolation, cloning and characterization of RAP-2 and its 
possible isoforms of the present invention. These procedures 
are thus to be construed as the full disclosure of the same 
procedures used for the isolation, cloning and 
characterization of RAP-2 in accordance with the present 
invention, as detailed e.g., in the same or equivalent form in 
the co-owned co-pending Israel Application Nos . 114,615; 
114,986; 115,319; 116,588; 117,932 and 120,367 as well as the 
corresponding PCT application No. PCT/US96/10521 . Further, as 
regards the NIK protein and its role in activating NF- B and 
hence cell survival and the role played by TRAF2 in this cell 



survival pathway, for example the interaction between TRAF2 
and RIP and other proteins,, these have been detailed by the 
present inventors in co-pending co-owned IL 117800, IL 119133 
and Malinin et al, 1997. 

Example Is Cloning and Isolation of the RAP -2 Protein which 
Binds to the RIP Protein 

Two-hybrid screening, sequencing and preliminary analysis 

[0217] Using the two-hybrid screen with RIP as the bait 
(see e.g., Fields and Song, 1989, WO/96/18641) in a B-cell 
library, a clone of about 1.5 Kb size was isolated. This 1.5 
Kb clone (see arrow in Figs. 1 and 2) was used for screening a 
phage cDNA library, yielding an about 2.0 Kb clone, the 
sequence of which is shown in Fig. 1. 

[0218] By employing EST matching with the sequence of the 
1.5 Kb clone, an EST fragment was obtained which constitutes 
the 3' end of I.M.A.G.E. consortium clone #41072 (Research 
Genetics Institute) . Of this clone, which originates from a 
fetal brain library, only two small sequence fragments at its 
3' and 5' ends are published. After obtaining the clone it 
was sequenced and it turned out that even these published 
sequence fragments contained errors. The sequenced clone 
(Fig. 2), was found to be identical to the clone of Fig. 1 in 
its coding region, but showed differences in the 5'- noncoding 



region. It is therefore assumed that both cDNAs are 
alternatively spliced forms of the same gene. 

[0219] Analysis of the sequence shows that like RAP, RAP-2 
protein apparently does not have a 'death domain' , it does not 
have a MORT MODULE, it does not have a protease domain like 
those of the ICE family, it does not have a kinase domain, nor 
does it have TRAF domains (see above noted co-pending, co- 
owned patent applications and the various references, 
especially Malinin et al, 1997, with respect to all the 
various domains present in the intracellular signaling 
pathways) . Nor were any considerable motifs found to be 
present within the given sequence, except for three leucine 
zipper (LZ) - 'like 7 blocks evenly distributed along the 
protein coding region. These were termed 'like', because two 
of them contain Leu to Val , Met or lie substitutions. 
Although usually considered conservative, it is not clear if 
such changes within the leucine zipper domain allow the 
protein to retain its functional activity, i.e., binding to 
other LZs. Binding studies revealed that RAP-2 essentially 
binds to RIP, RAP-2 being unable to bind to TRADD, MORT-1, 
p55-R, p75-R and MACH (in studies performed to date) . These 
results support the fact that RAP-2 is apparently devoid of 
'death domains' and MORT MODULES. 



[0220] Therefore, it appears that RAP-2 is a specific RIP- 
binding protein that interacts/binds to RIP in a very specific 
way. Thus RAP-2 appears to be a specific modulator/mediator 
of RIP intracellular activity having an important role in 
RIP's modulation/mediation of the inflammation and the cell 
death/cell survival pathways. 

[0221] Briefly, a clone of the RAP-2 was obtained by two- 
hybrid screening of a human B-cell cDNA library using the full 
length RIP protein as 'bait' . The RIP sequence was available 
from previous publications (e.g., Stanger et al , 1995) and as 
present in the GenBank database under accession No. U 25994 
which is the human RIP sequence (also present was the mouse 
RIP sequence under accession No. U 25995). Using this 
sequence information appropriate PCR-primers were designed by 
0LIG04™ software and the DNA fragment corresponding to the 
coding part of RIP was obtained by PGR using as template cDNA 
from the total RNA Human Fibroblast Cell library (using 
standard procedures) . This coding part of RIP was then cloned 
into the pGBT-9 vector (Clontech) and used as bait, as noted 
above, in the two-hybrid screening procedure. In this two- 
hybrid screen a clone was obtained coding for a RIP-binding 
protein that interacts with RIP. 

[0222] This clone, as noted above, was used to screen a 
phage cDNA library and an EST databank. It can be seen from 



Figs. 1 and 2 that the coding sequences of the two clones are 
identical, while the 5' -non coding regions differ. Thus we 
are probably concerned with alternatively spliced forms. The 
clones are of about 2.0 Kb with an ORF (open reading frame) of 
about 1.5 Kb, which account for a molecular weight of about 50 
Kd for the protein itself. The deduced amino acid sequence of 
RAP-2 is shown in Figure 3 . 

[0223] Analysis of the above sequences of the RAP-2 clone 
and sequences in the *dbest' database, Human Genome Database 
level 1 and GenBank database revealed that the RAP-2 sequence 
was a unique (novel) sequence as no known sequence showed any 
significant homology to this RAP-2 sequence. After filing of 
IL 123758, from which this application claims priority, 
Yamaoka S. et al, 1998, reported the characterization of a 
murine cDNA encoding a 4 8kD protein, which was designated NEMO 
(for NF-kB Essential Modulator) . (See background) 

[0224] Additional database (in silico) searches identified 
FIP-2 - a protein with unknown functions originally cloned, by 
Li Y. et al (1998, see background). 

[0225] As can be seen from the global alignment of the RAP- 
2 and the FIP-2 sequences (Figure 3B) , the degree of overall 
similarity is fairly low (it is therefore not surprising the 
sequence was not identified using scans based on global 
algorithms) . The homology between RAP-2 and FIP-2 increases 



towards the C- terminus of the proteins, culminating in virtual 
identity of the C-terminal 30 amino acids. Noteworthy, beside 
the latter region, the putative LZ-motif in FIP-2 is largely 
preserved in RAP-2 (except for an Ile/Ala substitution) . 

[0226] An additional shorter RAP-2 cDNA of approximately 
0.5kb was also identified (ID: 1469996) and which will be 
designated hereafter Human shrt. This variant comprised 
coding sequence "blocks" deriving from several remote regions 
of the 1 . 5kb "full" cDNA, probably derived from alternative 
splicing of the same gene. 

[0227] Northern hybridization analysis of a Multiple Tissue 
Northern blot (Clontech) with a 0 . 9kb Bglll -fragment of RAP-2 
cDNA, exposed a complex pattern of RAP-2 mRNA . At least 5 
different mRNAs, ranging in size from <lkb up to >7kb, were 
detected with more or less ubiquitous prevalence of the 2 . 5kb 
and 6kb variants (Figure 4A) . 

Example 2: Identification of the Murine RAP-2 

[0228] A similar search of the mouse ESTs collection 
established at TIGR revealed a partial cDNA of 1 . 6kb (Mouse 
part, ID: 761011, Figure 3) probably corresponding to the mouse 
RAP-2, since it is virtually identical (95%) to its human 
counterpart throughout the coding region (see Figure 3) . 

[0229] Nevertheless, the differences between the human and 
murine RAP-2 and NEMO sequences extends beyond what can be 



unequivocally attributed to a regular inter- species 
difference. In fact, a missing block of 7 amino acid 
(position 24 9 in 2 0.4) from murine RAP-2 and from the NEMO 
sequence and the insertion of 3 amino acids (KLE at position 
111) in the NEMO open reading frame as compared to the full- 
length human variant and to the partial murine sequence are 
only the most noticeable examples. (Figure 3). These, 
however, could result in functional repercussions on the 
activity of the protein. The functional properties reported 
for NEMO in fact, appeared to be the opposite of those found 
for human RAP-2, although the fractionation analysis reported 
for NEMO confirms that it localizes to the signalsome. 

Example 3; RIP Binding to RAP-2 in Mammalian Cells 

[0230] Further proof of the physiological relevance of the 
RAP-2 -RIP interaction was obtained in transfected HEK-293T and 
HeLa cells. Indeed, these two proteins could be easily co- 
precipitated from cellular lysates of HEK-293 (ATCC No. CRL 
1573) cells transfected as indicated below each lane in Figure 
4B and immunoprecipitated with ant i -FLAG mAbs (Kodak) . 
Immunocomplexes were then analysed for the presence of HIS- 
RAP-2 by conventional Westen blot procedure with anti-His6 
mAbs (Sigma) (Figure 4B and data not shown) . However, 
formation of such a complex did not result in RIP enzymatic 
activity: to the extent we could judge by an in vitro 



immunocomplex kinase assay, over-expressed RIP did not 
phosphorylate RAP-2 (not shown) . 

[0231] Binding assay tests were performed to determine 
whether RAP-2 binds to any of the other known intracellular 
signaling proteins. In these tests the proteins TRADD, MORT- 
1, p55-R, p75-R, MACH were tested for their ability to bind to 
RAP-2. However, it was found that RAP-2 was incapable of 
binding to any of these proteins. RAP-2 also did not bind to 
any of the control proteins, e.g., lamin, cyclin D. 

[0232] All of the above results therefore indicate that the 
new RAP-2 protein possibly interacts with RIP in a very 
specific manner and as such it represents a specific 
modulator/mediator of RIP. 

Example 4: RAP-2 Interacts with NIK and Modulates the NF-Kb 
and C-Jun- Dependent Transcription 

[0233] Although no RAP-2 -NIK interaction was detected in 

the two-hybrid tests in yeast (see above) transfection 

experiments of HEK-293T mammalian cells indicated stable 

formation of this complex. NIK-RAP-2 interaction was detected 

as described in Example 3 except that anti-FLAG antibodies 

were used for Western followed by immunoprecipitation with 

anti-His6 (Figure 4C) . Such discrepancy between binding in 

yeast and in mammalian cells was not surprising, since full- 



length NIK tends to loose its binding properties when 
expressed in yeast. 

[0234] In view of the fact that in vivo both RIP and NIK 
are believed to be indispensable mediators of TNF- induced NF- 
kB activation, we examined whether overexpression of RAP-2 in 
cell culture is capable of interfering with this particular 
signaling pathway. An initial set of experiments was carried 
out in HEK-293T cells transiently transfected with reporter 
plasmids comprised of the luciferase gene under control of the 
HIV-LTR minimal promoter. In a similar setup, RAP-2 was 
initially found to downregulate , almost back to the basal 
level, reporter activation caused by both over-expression of 
various known NF-kB- inducers involved in TNF signaling (NIK, 
TRAF2 , RIP, etc.) and treatment of the cells by external 
stimuli (TNF and PMA, Figure 5A) . HEK-2 93T cells were 
transiently transfected with the reporter plasmid (HIVLTR-Luc 
or CMV-Luc for NF-kB (5A) and GAL4-Luc for c-Jun (5B) 
activation assays) , and with an expression vector for the 
indicated inducer and either the empty vehicle (pcDNA3) or a 
plasmid encoding the full-length RAP-2 (pcRAP-2) . Remarkably, 
the fact that RAP-2 is able to exert its effects as far down 
the signal transduction pathway as RelA, implies that part of 
this protein action could be common to various, and otherwise 
divergent, signaling pathways (see below) . At the same time, 



KB- independent (CMV early promoter-driven) transcription of 
luciferase was not compromised (Figure 5A) , and we thus 
believe that possible generic disarrangement of the basal 
transcription/translation machinery by RAP-2 can be ruled out. 
These results were subsequently, fully confirmed in HeLa cells 
(not shown) . 

[0235] However, as further titration assays revealed, the 
actual phenomenon was far more complex. In fact, when TRAF2 
was transiently expressed in HEK-293T cells along with the 
various amounts of pcRAP-2 indicated in Figure 6, RAP-2 
drastically changed its behavior at low concentrations (around 
20ng/10 6 cells) , enhancing TRAF2 NF-kB induced transcription 
(see Figure 6 A) . Moreover, by replacing the original insert 
with one in the reverse orientation, an effective RAP-2 
antisense-expressing vehicle was designed and TRAF2 was 
transiently expressed in HEK-293T cells along with the various 
indicated amounts of pcRAP-2-a/s (antisense) constructs, and 
the effect of progressive depletion of RAP-2 was analyzed, 
leading to the outlining of a concentration-related diagram. 
The overall trend of the plot indicates that cell 
responsiveness is roughly inversely correlated to the amount 
of transfected RAP-2 DNA, except for a characteristic region 
which befalls about a 1 zero ' -point corresponding to the 
nominal, endogenous level of the protein (Figure 6) . It 



should be noted that down-regulating the expression of a given 
gene by introduction of an antisense is presumably more 
refined, as opposed to a sense over-expression. An antisense 
in fact does not involve artificial production of any foreign 
protein within the cell, and therefore, clearly underscores 
the validity of the RAP-2 inhibitory capacity. Nevertheless, 
it should be noted that the above-mentioned leap at low 
concentrations is mirrored, not inversed, into the antisense 
half of the chart (Figure 6) . 

[0236] To assess the diversity of transcriptional systems 
in which RAP-2 could be involved, we shifted to the study of 
c-Jun, a nuclear factor whose role in establishing and 
maintaining an adequate stress-response is proven to be almost 
as crucial as that of NF-kB. Using components of the 
commercial 'Path Detect' system (Stratagene) , we confirmed a 
similar bi-phase performance of RAP-2 in relation to several 
recognized activators of AP-1 in HEK-293T and HeLa cells (see 
Figures 5B & 6B) . 

Example 5; RAP-2 Potentiates C-Jun Hyper -Phosphorylat ion , 
without Altering JNK Activity 

[0237] To study the mechanism underlying such a profound 

effect on transcription, it was essential to determine the 

precise level at which normal signaling crumbles. It is 

acknowledged that the trans-activation potential of c-Jun is 



regulated by extracellular signal - induced phosphorylation of 
two serine residues ( 63 Ser & 73 Ser) of its amino- terminal 
activation domain. The JNK/SAPK protein kinases responsible 
for the abovementioned phosphorylation constitute a fairly 
distant subset of the MAP kinase family and are themselves 
activated via phosphorylation at 183 Thr and 185 Tyr mediated by 
further upstream dual - specif icity kinases. Therefore, 
phosphorylation status of the appropriate sites within both c- 
Jun and JNKs can be used as a marker reflecting the activation 
state of the protein. Western blot analysis with lysates of 
transiently transfected HEK-293T cells revealed that, 
notwithstanding impairment of c- Jun-mediated transcription, 
RAP-2 markedly potentiated phosphorylation of endogenous c-Jun 
at 63 Ser induced by a number of stimuli (see Figure 7A) . Total 
cellul ar lysates of HEK-293T cells, transfected with the 
indicated expression constructs together with either pcDNA3- 
carrier denoted in figure 7 by a minus sign (-) or with pcRAP- 
2 denoted in the same figure by a plus sign (+) , were resolved 
on SDS-PAGE, transferred onto the ECL-membrane and probed with 
ant i - phospho - S3 Ser - c - Jun Abs (NEB) . The membrane shown on the 
lower panel of figure 7A was re-probed with anti -total -c- Jun 
Abs as control (NEB) . 

[0238] The total amount of c-Jun however, remained 
unchanged excluding elevation of c-Jun levels as a possible 



source of modification. Antibodies specific to the 
phosphorylated form of JNK1/2, did not detect any substantial 
increase in amount of these activated kinases in response to 
RAP-2 over-expression indicating that the additional 
phosphorylation of c-Jun did not result from a RAP-2 -dependent 
boost of JNKs activity (Figure 7B) . Activated JNKl/2 from 
HEK-293T cells transfected with either pcDNA3 or pcRAP-2, 
treated with hrTNFa for increasing periods of time were 
detected by Western blotting of total lysates with phospho- 
( 183 Thr/ 185 Tyr) - JNK Abs (NEB) as shown in figure 7. 

[0239] In further support of the latter notion, in vitro 
kinase assay with immunoprecipitated JNK1 and purified GST-c- 
Jun as a substrate produced essentially the same result 
(Figure 7C) . HEK-293T cells, were co- transfected with empty 
vector, pcRAP-2 and pcRIP in various combinations together 
with HA- JNK1 -expressing plasmid. JNK1 was then 
immunoprecipitated via its N-terminal HA-tag and its ability 
to phosphorylate bacterial ly-produced purified GST-Jun was 
determined by 32 P- incorporation in an in vitro kinase assay. 
Reaction products were analyzed by SDS-PAGE as shown in figure 
7 . 

[024 0] RAP-2 becomes phosphorylated when RAP-2 -IKK1 
complex, immunoprecipitated from transfected HEK293 cells, is 
incubated under in vitro phosphorylation conditions. A search 



for the functional role of the phosphorylation of RAP-2 
revealed that mutation of one particular serine in this 
protein (in position 148) fully abolishes the activation of 
Jun phosphorylation by it. As illustrated in Fig. 13, while 
overexpression of the wild type RAP-2 resulted in a massive 
increase in Jun phosphosylation, overexpression of RAP 2 
(S148A) did not affect at all the phosphorylation of Jun. The 
effect of RAP2 on NF-kB, however, was not affected at all by 
this mutation. These findings indicate that phosphorylation 
of serine 148 in RAP2 is specifically involved in its effect 
on Jun phosphorylation. 

Example 6s RAP-2 Does Not Inhibit C- Jun And Rela Binding To 
DNA ^ 

[0241] In view of the fact that the experiments reported in 

Example 5 did not reveal the cytosolic modulating target of 

RAP-2 over-expression of NF-kB- and AP-1- signaling cascades, 

we investigated the integrity of the nuclear processes 

required for transcription. Electro mobility shift assay 

(EMSA) performed with nuclear extract of transfected HEK-293T 

cells unequivocally demonstrated that RAP-2 did not interfere 

with binding of c-Jun and RelA to the oligonucleotides 

corresponding to their classical recognition sequences (Figure 

8) . In fact, a several -fold enhancement in efficiency of the 

DNA/AP-1 complex formation in RAP-2 -transfected cells was 



observed. Furthermore, no interaction was observed between 
RAP-2 and c-Jun/RelA that could result in sterical obstruction 
of activation domains of the latter. It is suggested that, if 
any, the effect of the entrance of RAP-2 into nucleus is 
targeted at some point downstream of the enhancer-binding 
events . 

Example 7: RAP-2 interacts in -vivo with histone 
ace tyl trans f erase TIP60 

[0242] TIP60 (GeneBank U 74667) belongs to the recently 

described family of nuclear proteins called histone 

acetyltransf erases (HATs) . The enzymatic activity of these 

proteins is associated with the state of chromatin structure 

in nucleosomal complexes. HATs are frequently associated with 

certain elements of the transcriptional apparatus and are 

capable of modulating the rate of transcription. HATs act by 

relaxing a chromatin package in the vicinity of initiation 

sites by means of transferring acetyl groups onto specific 

lysine residues of histones, thereby promoting access of 

various related factors to DNA. It is apparently one of those 

auxiliary nuclear proteins, meant to facilitate cross talk 

between the enhancer-binding factors and RNA polymerase II. 

We thus investigated whether TIP60 could complex with RAP-2 . 

Immunoprecipitation from HeLa cells followed by two-hybrid 

tests conclusively showed that RAP-2 strongly interacts with 



TIP60 in both systems. Nevertheless, we were not able to see 
any considerable alteration of RAP-2 -mediated effect on NF-kB 
and c-Jun upon co-expression of TIP60 in HEK-293T cells (not 
shown) . The same lack of changes was observed in the control 
experiment, i.e., stimulation ± TIP60 (w/o RAP-2), leading to 
the conclusion that the short time readout (2 0-30hrs after 
transf ection) , probably precludes the chances of the reporter 
DNA to become chromatinized, leaving no sufficient time for 
HAT- like enzymes to perform. 

Example 8: Clone #10 - A Novel Proteins Interacting with RAP-2 

[0243] Applying the full-length RAP-2 protein as bait in 
two-hybrid screen of a B-cell cDNA library, we have isolated a 
novel protein interacting with RAP-2 denoted hereafter clone 
#10 or clone #10-encoded protein or RAT-binding protein #10 or 
RBP-10 (Figure 10). The original clone (about 2.2 kb) was 
found to encode a putative polypeptide of apparent MW of 
60kDa. However, the putative ATG first codon is apparently 
missing from this sequence. Despite its considerable length, 
the obtained cDNA has therefore to be expanded further towards 
the 5' end to reconstitute the entire open reading frame. 

[0244] Two-hybrid assay of the binding repertoire of clone 
#10 revealed that this protein, besides RAP-2, has rather 
strong affinity for TRAF2 . Clone #10 however does not bind to 
RIP, TRADD, MORT1, MACH , TNFR-I, TIP60 and NIK as well as to 



several control proteins (for example lamin and cyclin) . It 
cannot, however, be excluded that binding of clone #10 to NIK 
might be found in mammalian cells, considering the 
peculiarities of NIK's behaviour in yeast. Clone #10 was 
shown to bind RAP-2 within the C-terminal 200 a. a. of the 
latter, i.e., a region not necessarily associated with the 
binding of RIP, TIP60, NIK and IKKp. 

[0245] Coexpression of Clone#10 with TRAF-2 in mammalian 
293T cells prevented TRAF2 -mediated activation of NF-kB, 
whereas coexpression of clone #10 with NIK strongly elevated 
NF-kB activation by the latter. These findings could indicate 
an important regulatory function of clone#10. The distinct 
modulating effects observed could probably imply existence of 
different, non- over lapping sites of the protein action within 
a cell. 

[024 6] Several rounds of GenBank searches aiming at 
identification of close RBP- 10-homologues led to the 
identification of F40F12.5 (accession number S42834) - a 
hypotetical protein from C . Elegans , to which no physiological 
role was assigned. Interestingly, F40F12.5 was found to 
display some similarity to several members of the widely 
conserved family of ubiquitin-directed proteases. These 
enzymes counterbalance the destructive effect of the 
ubiquitination machinery, which is known to be in charge of 



the majority of protein degradation events in a cell. While 
ubiquitin ligases are responsible for attaching the poly- 
ubiquitin tree to a protein predestined for degradation, 
ubiquitin proteases prevents an effective branching of the 
growing tree. Such presumption regarding the function of 
F40F12.5 based on the similarity to the above-mentioned 
ubiquitin-directed proteases however appears to be 
questionable as it has not yet been examined whether this 
particular protein possesses any enzymatic activity toward 
ubiquitin polymers. Furthermore, a couple of points appear to 
make such a coincidence quite unlikely: 

[0247] a) Residues which are believed to constitute the 
core catalytic region in either subclasses of ubiquitin 
proteases are not conserved either in F40F12.5, or in RBP-10; 

[0248] b) Except from their catalytic sites, enzymes of the 
ubiquitin-directed protease family derived from various 
species (from bacteria to human) display virtually no sequence 
similarity while F40F12.5 and clone #10 display a certain 
degree of homology. 

Example 9: Clone #84: A RAP -2 Interacting Protein 

[0249] An additional RAP-2 binding protein was identified 
by applying the full-length RAP-2 protein as bait in the two- 
hybrid screen of the B-cell cDNA library and termed clone #84. 



[0250] Clone #84 was found to specifically bind to the full 
length RAP-2 while displaying no interaction with any other 
protein analyzed including TRAF2 , MORT1 , TRADD, RIP, NIK, 
TIP60 and Lamin. The partial 5 '-sequence of clone #84 was 
found to be identical to the sequence of a previously cloned 
cDNA encoding the Cell Growth Regulatory protein CGR19, 
identified as a transcript up-regulated specifically in cells 
harboring functional p53 protein (Madden, S. et al, 1996, 
accession # U66469) . .Sequence analysis of CGR19 led to the 
identification of a C 3 HC 4 -Zink Finger motif (also referred to 
as a RING finger) at its C terminal domain. Expression of 
CGR19 was found to suppress growth of several cell lines. The 
involvement of CGR19 protein in NF-kB regulation by means of 
binding to RAP-2 could possibly indicate modulation of the 
cell cycle regulatory network by members of the TNF-R family. 

Example 10; Structure- functional Relationship of RAP-2 
A. Binding Regions 

[0251] By employing consecutive deletion analysis, the 
binding regions within RAP-2 were mapped and RIP, NIK, TIP60- 
binding as well as the self -association domain (s) were 
identified (Figure 11) . 

[0252] Binding to RIP has been mapped to a region of the 
RAP-2 protein that begins between amino acids 177-218 and ends 
at amino acid 2 64. 



[0253] So far neither the IKKp nor the NIK binding sites 
(amino acids 95-264) and (amino acids 1-264) respectively were 
found to overlap RIP's binding site within RAP-2 (Figure 11). 

[0254] Binding to TIP60 apparently maps within the region 
spanning amino acids 95-264. The lack of interaction with the 
deletion fragment spanning amino acids 95-3 09, could most 
likely be the result of a specific obstructive conformation 
pertaining to this particular deletion. 

[0255] A similar discrepancy in binding to the deletion 
fragments can be noted for binding of clone #10 and for self- 
association of RAP-2. As opposed to TIP60, however, the fact 
that full-length RAP-2 binds to the deletion fragment 
containing amino acids 218-416 as well as to the deletion 
fragment containing amino acids 1-2 64, implies that the region 
involved in homo -dimerizat ion localizes in between amino acids 
217-264 . 

[0256] The protein encoded by clone #10, with the above- 
mentioned exception, apparently binds within a region 
beginning between amino acids 218-309 and ending at amino acid 
416 and thus, its binding site may comprise overlapping 
regions with the binding sites for RIP, NIK, IKKp and TIP60 
(Figure 11) . 



B. Functional Regions 

[0257] To the extent of our present knowledge, all the 
functional effects of RAP-2 (namely NF- kB inhibition and 
induction of c-Jun hyper-phosphorylation) map to the same 
region (Figure 11) . 

[0258] Furthermore, it is possible that the region 
sufficient for effective modulation of signaling by all the 
inducers used in these experiments localizes to the N-terminal 
segment of the protein . 

[0259] The region encompassed by amino acids 95-416 did 
have an effect, although it was significantly weaker as 
compared to the one caused by the full-length protein and, 
thus, may result from enforced aggregation of the endogenous 
RAP-2 . 

[0260] Moreover, with the exception of RelA, the effect of 
all inducers used in our experiments can be mediated by as few 
as approximately 100 N-terminal amino acids of RAP-2. In fact 
even the fragment encompassing amino acids 1-102 mediates a 
distinct effect, albeit fairly moderate (Figure 12B) . 

[0261] On the other hand, successful induction of RelA 
requires a much longer portion of the RAP-2 protein. So far 
we could define the boundaries of this region to be in-between 
amino acids 1 to 264, which apparently endows the region 



between amino acids 157 and 264 with some specific, RelA- 
associated, binding properties. 
C. Binding- function relationship 

[0262] From the results shown in Figures 11 and 12, it 
appears that : 

[0263] a) With the exception of RelA, RAP-2 binding to RIP, 
clone #10 and, most likely, to NIK and TIP60 are not required 
for the function of the protein, as inhibitor of 
overexpression induced NF-kB. 

[0264] b) The effect of RAP-2 on RelA over-expression- 
induced activation is obviously mediated, at least partly, by 
different binding events. Essentially, all of the above- 
mentioned proteins may be found to contribute to the given 
activity, as deduced from the experiments carried out to date. 

[0265] The exact site of interaction between RAP-2 and RIP 
is yet to be determined but it seems that this site is one 
specific to RIP and RAP-2 and not shared by other proteins 
known to interact with RIP, e.g., MORT-1, TRADD, FAS-R and 
possibly also TRAF2 (see Malinin et al, 1997). It also arises 
that (from sequence analysis and comparison with sequences in 
various databases as noted above) that RAP-2 does not have a 
'death domain', a MORT MODULE, a protease domain (e.g., 
ICE/CED3 motif), a kinase domain/motif nor TRAF domains. In 



line with this, biological activity analysis also revealed 
that RAP-2 apparently has the following characteristics: 

[0266] (i) when overexpressed, RAP-2 strongly inhibits NF- 
kB activation by TNF or by overexpression of TRADD, RIP, TRAF- 
2, NIK or p65 NF-kB subunit; 

[0267] (ii) RAP-2 potentiates c-Jun hyper-phosphorylat ion, 
without altering JNK activity; 

[0268] (iii) RAP-2, as shown by deletion analysis, does not 
require the death domain of RIP, nor the kinase activity of 
RIP for binding to RIP; 

[0269] (iv) based on the above deletion analysis, the 
binding region of RAP-2 to RIP was narrowed down to an N- 
terminal region of about 2 00 amino acids; 

[0270] (v) RAP-2 binds to NIK in transfected mammalian 
cells, but not in yeast. 

[0271] In view of the aforementioned, RAP-2 therefore 
appears to be a highly specific RIP-binding protein and hence 
RIP modulator/mediator that is likely to be involved in the 
RIP-mediated intracellular signaling pathways. 

[0272] In light of the above, it appears that RAP-2 is 
involved in modulation/mediation of RIP's activities. 
Intracellularly , these being RIP's involvement in the cell 
survival pathway (NF-kB activation, possibly via interaction 
with TRAF2) and its involvement in the inflammation and cell 



death pathway (independently via its 'death domain' or via 
interaction with other proteins such as MORT-1, TRADD, p55-R, 
FAS-R and associated proteases such as MACH, Mch4 , Gl and the 
like) . The possible ways in which RAP-2 may modulate/mediate 
RIP's activity are detailed hereinabove. For example the RAP- 
2 -RIP interaction may lead to enhancement of either the cell 
death or cell survival pathways, or it may lead to the 
inhibition of either the cell death or cell survival pathways, 
this enhancement or inhibition possibly being dependent on the 
relative activities of other members of these two opposing 
intracellular pathways. RAP-2 may also act as a docking 
protein to provide for an aggregation of a number of RIP 
molecules and other RIP- or RAP-2- binding proteins, which 
aggregate may then function either in the direction of cell 
death or cell survival (or even both) depending on the 
relative activities/amounts of the other members of these 
pathways in the cell. 

Example 11; Preparation of Polyclonal Antibodies to RAP-2 

[0273] Rabbits are initially injected subcutaneously with 5 
yg of a pure preparation of RAP-2 emulsified in complete 
Freund's adjuvant. Three weeks later, they are injected again 
subcutaneously with 5 \ig of the RAP-2 preparation in 
incomplete Freund's adjuvant. Two additional injections of 
RAP-2 as solution in PBS are given at 10 day intervals. The 



rabbits are bled 10 days after the last immunization. The 
development of antibody level is followed by radioimmuniassay . 
125 I-labeled RAP-2 is mixed with various dilutions (1:50, 
1:500, 1:5,000 and 1:50,000) of the rabbit serum. A 
suspension of protein-G agarose beads (20 jil , Pharmacia) is 
added in a total volume of 200 \xl . The mixture is left for 1 
hour at room temperature, the beads are then washed 3 times 
and bound radioactivity is counted. Rabbit antiserum to human 
leptin is used as a negative control. The titer of the RAP-2 
antiserum is measured as compared to that of the negative 
control . 

EXAMPLE 12: Preparation of Monoclonal Antibodies to RAP-2 

[0274] Female Balb/C mice (3 months old) are first injected 
with 2 iag purified RAP-2 in an emulsion of complete Freund ' s 
adjuvant, and three weeks later, subcutaneously in incomplete 
Freund 1 s adjuvant. Three additional injections are given at 
10 day intervals, subcutaneously in PBS. Final boosts are 
given intraperitoneally 4 and 3 days before the fusion to the 
mouse showing the highest binding titer as determined by IRIA 
(see below). Fusion is performed using NSO/l myeloma cell 
line and lymphocytes prepared from both the spleen and lymph 
nodes of the animal as fusion partners. The fused cells are 
distributed into microculture plates and the hybridomas are 
selected in DMEM supplemented with HAT and 15% horse serum. 



Hybridomas that are found to produce antibodies to RAP-2 are 
subcloned by the limiting dilution method and injected into 
Balb/C mice that had been primed with pristane for the 
production of ascites. The isotypes of the antibodies are 
defined with the use of a commercially available ELISA kit 
(Amersham, UK) . 

[02 75] The screening of hybridomas producing ant i -RAP- 2 
monoclonal antibodies is performed as follows: Hybridoma 
supernatants are tested for the presence of ant i -RAP-2 
antibodies by an inverted solid phase radioimmunoassay (IRIA) . 
ELISA plates (Dynatech Laboratories, Alexandria, VA) are 
coated with Talon-purified IL- 18BPa-His 6 (10 pg/ml , 
100 ]al/well) . Following overnight incubation at 4°C, the 
plates are washed twice with PBS containing BSA (0.5%) and 
Tween 20 (0.05%) and blocked in washing solution for at least 
2 hrs at 37°C. Hybridoma culture supernatants (100 yl/well) 
are added and the plates are incubated for 4 hrs at 3 7 °C. The 
plates are washed 3 times and a conjugate of goat-anti-mouse 
horseradish peroxidase (HRP, Jackson Labs, 1:10,000, 100 
lil/well) is added for 2 hrs at room temperature. The plates 
are washed 4 times and the color is developed by ABTS (2,2'- 
azino-bis (3-ethylbenzthiazoline-6-sulf onic acid, Sigma) with 
H2O2 as a substrate. The plates are read by an automatic 
ELISA reader. Samples giving OD that are at least 5 times 



higher than the negative control value are considered 
positive . 

[0276] The RAP-2 antibodies can be employed for 
purification of RAP-2 by affinity chromatography. 

EXAMPLE 13: ELISA Test 

[0277] Microtiter plates (Dynatech or Maxisorb, by Nunc) 
are coated with anti-RAP-2 monoclonal antibody (serum free 
hybridoma supernatant or ascitic fluid immunoglobulins) 
overnight at 4°C. The plates are washed with PBS containing 
BSA (0.5%) and Tween 2 0 (0.05%) and blocked in the same 
solution for at least 2 hrs at 37°C. The tested samples are 
diluted in the blocking solution and added to the wells (100 
yl/well) for 4 hrs at 37°C. The plates are then washed 3 
times with PBS containing Tween 20 (0.05%) followed by the 
addition of rabbit anti-RAP-2 serum (1:1000, 100 yl/well) for 
further incubation overnight at 4°C. The plates are washed 3 
times and a conjugate of goat-anti -rabbit horseradish 
peroxidase (HRP, Jackson Labs, 1:10,000, 100 yl/well) was 
added for 2 hrs at room temperature. The plates were washed 4 
times and the color is developed by ABTS (2 , 2 ' -azino-bis 
(3-ethylbenzthiazoline-6-sulf onic acid, Sigma) with H2O2 as a 

substrate. The plates are read by an automatic ELISA reader. 



[0278] Having now fully described this invention, it will 
be appreciated by those skilled in the art that the same can 
be performed within a wide range of equivalent parameters, 
concentrations, and conditions without departing from the 
spirit and scope of the invention and without undue 
experimentation . 

[0279] While this invention has been described in 
connection with specific embodiments thereof, it will be 
understood that it is capable of further modifications. This 
application is intended to cover any variations, uses, or 
adaptations of the inventions following, in general, the 
principles of the invention and including such departures from 
the present disclosure as come within known or customary 
practice within the art to which the invention pertains and as 
may be applied to the essential features hereinbefore set 
forth as follows in the scope of the appended claims. 

[0280] All references cited herein, including journal 
articles or abstracts, published or corresponding U.S. or 
foreign patent applications, issued U.S. or foreign patents, 
or any other references, are entirely incorporated by 
reference herein, including all data, tables, figures, and 
text presented in the cited references. Additionally, the 
entire contents of the references cited within the references 
cited herein are also entirely incorporated by reference. 



[0281] Reference to known method steps, conventional 
methods steps, known methods or conventional methods is not in 
any way an admission that any aspect, description or 
embodiment of the present invention is disclosed, taught or 
suggested in the relevant art. 

[0282] The foregoing description of the specific 
embodiments will so fully reveal the general nature of the 
invention that others can, by applying knowledge within the 
skill of the art (including the contents of the references 
cited herein) , readily modify and/or adapt for various 
applications such specific embodiments, without undue 
experimentation, without departing from the general concept of 
the present invention. Therefore, such adaptations and 
modifications are intended to be within the meaning and range 
of equivalents of the disclosed embodiments, based on the 
teaching and guidance presented herein. It is to be 
understood that the phraseology or terminology herein is for 
the purpose of description and not of limitation, such that 
the terminology or phraseology of the present specification is 
to be interpreted by the skilled artisan in light of the 
teachings and guidance presented herein, in combination with 
the knowledge of one of ordinary skill in the art. 



! 
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